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OVERVIEW 


There  are  now  abundant  supplies  of  devices,  available  to 
both  the  public  and  specialized  electronic  market,  which  are 
claimed  by  their  manufacturers  to  provide  transient  protection 
for  electrical  equipment.  However,  there  is  no  common  test 
procedure  for  determining  "success"  in  transient  pulse  protection 
that  can  be  ganerally  applied  to  all  devices.  In  this  program,  a 
family  of  protective  devices  has  been  selected  for  application  to 
transient  protection  of  amateur  radio  stations.  A  test  plan  for 
qualification  testing  of  such  devices  is  described  here  which 
offers  a  rational  approach  to  certifying  the  average  performance 
of  particular  groups  of  devices  against  such  fast-rising 
(nanoseconds)  and  powerful  (kilovolts)  transient  pulses  as  might 
be  generated  by  lightning  or  electromagnetic  pulse  (EMP).  The 
laboratory  facilities  of  IRT  Corporation,  San  Diego,  California 
have  been  selected  for  this  test  activity,  with  test  results  to 
be  reported  by  Electrospace  Systems,  Inc.  Those  devices  found  to 
be  qualified  may  then  be  used  with  confidence  in  transient 
protection  applications  such  as  the  amaveur  radio  configurations 
to  be  developed  unde rthis  program. 

CONCEPT 

The  protective  device  qualification  program  depends  on  the 
careful  testing  of  a  statistically  significant  sample  of 
protective  devices  against  an  appropriate  transient  threat  pulse, 
with  results  stated  precisely  in  terms  of  pr e-d etermined  criteria 
for  success., 

The  success  criteria  includes  ability  to  reject  a  sufficient 
percentage  of  the  applied  transient  threat,  determined  in 
accordance  with  the  desired  application,  to  allow  use  of  the 
device  as  part  of  a  transient  protection  scheme.  This  capability 
will  be  characterized  by  a  rejection  ratio,  measured  in  decibels, 
def ined  af 

Peak  Signal  In 

RR  =  20  log  -  . 

db  10  Peak  Signal  Out 

The  rejection  ratio  will  be  certified  by  comparison  of  an  input 
and  output  waveform  suitably  scaled  to  allow  direct  overlay  of 
the  waveforms.  Other  success  criteria  will  include  the  ability  of 
the  device  to  withstand  at  least  a  minimal  number  of  threat 
stresses  without  failure  (degradation  of  the  rejection  ratio 
below  a  specified  error  margin),  a  measure  ot  variance  between 
tested  devices,  and  an  absolute  magnitude  of  voltage  and  currant 
which  cause  actual  failure  of  the  device  to  support  its  intended 
use  . 

A  detailed  test  concept  on  which  this  test  plan  is  based  is 
providedasAttachmentl. 


k  s  i 
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TEST  PROGRAM 


Threat  Definition 

Qualification  is  desired  against  both  EMP  and  lightning 
transients  in  this  program.  Other  than  the  case  of  a  direct 
lightning  stroke,  EMP  is  generally  considered  a  more  stringent 
threat  to  electrical  systems  than  lightning.  Consequently,  the 
qualification  test  pulse  will  approximate  the  characteristics  of 
EMP,  rising  to  full  strength  in  fewer  than  20  nanoseconds  and 

decaying  exponentially  in  about  one  microsecond.  A  typical  EMP 

waveform  for  free  field  was  defined  in  EMP  Engineering  and 
Design  Principles'*  (Bell  Telephone  Laboratories,  1975)  according 
to  the  exponential  equation 

46  8 

E(t)  =  5.25  X  10  [exp(-4  x  10  t)  -  exp(-4.76  x  10  t)] 

where  E  is  in  volts  per  meter,  and  t  in  seconds.  As  that 

waveform  is  frequently  used  in  unclassified  work,  it  will  also  be 
utilized  in  this  test  program. 

The  transient  threat  to  electrical  hardware  does  not  come 
directly  from  the  free  field,  but  rather  from  the  interaction  of 
the  electric  and  magnetic  fields  with  electrical  conductors.  For 
this  program,  it  is  considered  likely  that  voltage  and  current 
*  transients  in  conductors  will  exhibit  rise  times  slower  than  the 
free  field,  and  may  oscillate  or  decay  at  a  much  slower  rate  than 
the  free  field.  However,  approximation  of  the  free  field 
waveform  in  injected  current  or  voltage  test  transients  is  a 
reasonable  worst  case  transient  pulse  and  will  be  used  in  this 
program. 

For  currents,  ,  peaks  in  excess  of  thousands  of  amperes  have 
been  preaicted  as  response  to  EMP.  Similarly,  voltages  may  reach 
hundreds  of  kilovolts.  However,  in  practice,  the  physical 
dimensions  and  characteristics  of  the  conductors  themselves  will 
tend  to  limit  currents  and  .voltages,  although  not  always  without 
physical  damage  to  the  conductors.  For  example.  It  has  been 
proposed  that  the  highest  transient  voltage  transmitted  through  a 
residential  power  distribution  breaker  box  would  be  limited  by 
air  discharge  breakdown.  Conversely,  antenna  leads  and  signal 
cables  in  an  amateur  radio  station  may  not  possess  such  close 
tolerances,  and  the  peak  transients  experienced,  if  limited  at 
all,  would  be  determined  by  the  lengths  and  configurations  of 
conductors  exposed  to  the  fields,  and  the  dielectric  strength  of 
their  electric  insulation.  Devices  exposed  to  limited  voltages 
will  be  first  tested  against  a  low  level,  but  fast  rising  pulse 
before  being  exposed  to  maximum  values  of  voltage  and  current. 
Therefore,  the  following  peak  values  will  be  used  in  the 
protective  device  q ua 1 i f i ca t i on'  tes t s  for  this  program: 


CONDUCTOR 

PEAK  VOLTAGE 

PEAK  CURRENT 

TEST  CLASS 

volts 

amps 

Pov'er  connections 

600 

120 

A 

Box  interconnections 

600 

20 

B 

Exterior  Conductors 

4500 

1000 

C 
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Threat  Definition  (continued) 

The  highest  pulse  level  obtainable  in  the  laboratory  will  also  be 
utilized  to  test  for  insulation  breakdown  of  the  protective 
devices.  Should  a  device  fail  under  voltage  stress,  or  be 
predicted  to  fail  by  its  published  operating  characteristics,  an 
attempt  will  be  made  on  similar  devices  to  determine  the  maximum 
safe  voltage  limits  for  the  device  class.  Similarly,  the  current 
shunting  capability  of  the  protective  devices  will  be,  examined, 
and  limitations  observed  during  testing  will  be  reported. 

Each  protective  device  will  be  subjected  to  ten  equal 
pulses,  in  order  to  ensure  that  protection  is  not  circumvented  by 
the  first  threat  transient  received.  A  cooling  time  of 
approximately  one  second  will  be  allowed  between  pulses.  Devices 
which  are  designed  to  provide  protection  for  only  one  pulse  will' 
be  lifted  as  limited  qualifiers  for  this  program,  as  it  is 
conceivable  that  singular  replacement  of  inexpensive  devices 
might  provide  a  cost-effective  means  of  obtaining  protection. 


Device  Selection 

For  this  test,  selection  of  devices  was  governed  by  the 
applicability  of  their  use  in  protection  of  the  "typical"  amateur 
radio  configurations  defined  under  this  overall  program. 

Appendix  I  contains  a  detailed  listing  of  devices  at.:  the  Test 
Glass  to  which  they  have  been  assigned.  In  some  ases,  a 

particular  device  may  have  multiple  applications  in  the 

protection  scheme  which  require  it  to  survive  more  than  one  class 
of  threat  peaks.  Qualification  results  against  each  test  class 
will  be  reported  separately  for  those  devices. 

Required  Measurements 

Direct  Testing : 

A  direct  device  test  consists  of  driving  its  terminals  with 
a  differential  mode  signal  from  a  pulse  generator.  The  direct 
test  is  conducted  once  with  source  impedance  appropriate  to  the 
tabulated  voltages  and  currents  listed  previously,  and  once  with 
the  tabulated  voltage  and  a  source  impedance  of  fifty  ohms. 
Fifty  ohms  was  chosen  because  it  is  most  commonly  encountered  in 
house  wiring  and  antenna  connections.  The  input  and  output  pulse 
magnitudes  will  be  recorded  by  photograph  on  a  suitable  scale  vs 
time  to  allow  direct  comparison  and  determination  of  rejection 
ratio  for  both  test  situations.  Markers  will  be  inserted  into 
each  photograph  to  fix  the  point  of  "zero"  time,  and  to  calibrate 
voltage  magnitudes. 

For  each  protective  device,  the  number  of  identical  devices 
listed  in  Appendix  I  will  be  tested.  This  number  will  vary  from 
one  to  fifteen  depending  on  the  device  and  on  test  results. 
Values  of  the  rejection  ratio  (and  spike  duration,  if  any)  will 
be  statistically  compared  in  real  test  time  to  evaluate  the  mean 
and  standard  deviation  of  those  data  for  each  device.  When  as 
many  as  ten  identical  devices  have  been  subjected  to  both  forward 
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Required  Measurements  (continued) 

and  reverse  tests  and  the  statistical  parameters  are  converging 
to  a  useful  value,  no  further  testing  of  the  device  against  that 
particular  threat  will  be  required.  Conversely,  when  results  do 
not  indicate  a  convergent  mean  and/or  standard  deviation,  more 
devices  will  be  tested  (if  available  within  tne  cost  restraints 
of  the  program)  in  order  . to  better  define  the  characteristics  of 
the  device . 

When  a  device  under  test  fails  to  maintain  a  rejection  ratio 
within  five  decibels  of  its  original  value  against  the  second 
thru  tenth  pulses,  an  identical  device  will  be  repeat  tested 
under  a  series  of  reduced  stress  levels  (25%,  50%,  and  75%)  in  an 
attempt  to  find  any  ’’alue  under  which  satisfactory  protection 
under  repeated  stress  is  probable.  .The  test  results  for  that 
device  would  then  indicate  a  limitation  on  use  of  the  device  for 
this  program. 

Reverse  Polarity  Testing; 

After  completion  of  the  direct  testing  described  above,  the 
entire  test  series  will  be  repeated  with  opposite  polarity  of  the 
pulser  to  the  device  terminals.  The  recorded  data  for  the 
reverse  polarity  tests  will  be  photographed  separately  from  the 
direct  test  results. 

Tests  to  Failure: 

For  those  devices  listed  in  Appendix. I  as  requiring  "Test  to 
Failure,”  after  completion  of  both  series  of  tests  described 
above,  the  voltage  output  of  the  pulser  (with  a  low  source 
impedance)  will  be  increased  (direct  polarity  followed 
immediately  by  reversed  polarity)  until  device  failure  occurs,  or 
the  operating  limitation  of  the  pulser  is  reached. 
Manufacturer's  operating  data  will  be  compared  with  measured 
operating  parameters  where  necessary  to  define  failure.  The 
lowest  voltage  value  for  which  failure  occured  under  either 
polarity  will  characterize  the  failure  voltage  for  this  program. 
Response  to  Test-To-Failure  pulses  will  be  indicated  in  the  test 
results  as  "T''  level  tests. 

Data  Organization 

Device  Identification: 

Test  data  will  be  identified  with  the  Device  Identification 
Number  as  listed  in  Appendix  I.  Data  obtained  with  reversed 

polarity  pulses  will  show  an  "R"  after  the  Device  Identification 
Number.  The  first  suffix  ,  separated  by  a  will  indicate  the 

letter  code  of  the  Test  Class  followed  immediately  by  an  "L"  for 
the  low  (tabulated  current)  impedance  or  an  "H"  for  the  50  ohm 
impedance  test.  Data  for  repeated  pulses  of  the  same  device  will 
carry  an  additional  suffix  "-n"  where  "n”  is  the  sequence  number 
of  the  pulse  (1-10).  Data  for  repeat  tests  of  an  identical 
replacement  device  will  also  carry  a  suffix  "-L”  where  "L"  is  the 
letter  designator  of  the  replacement.  For  example: 

Test  Data  Set  24R-AH-3-B 

a  r-o„e.rcoH  nolaritv  test  of  device  24,  with  "A”  class 


Data  Organization  (continued) 

pulses  from  a  50  onm  source,  this  set  being  the  third  repetition 
of  the  pulse  against  the  second  identical  device  tested. 

Test  Waveforms; 

Test  Data  for  each  pulse  will  be  recorded  on  a  suitable  time 
scale  to  adequatel/  indicate  the  initial  firing  of  the  threat 
transient,  the  firing  of  the  device  under  test,  and  the  settling 
level  of  the  device.  Both  the  input  (threat)  and  output  (reduced 
threat)  magnitudes  \/ill  be  normally  be  recorded  on  the  same 
photograph,  which  may  also  be  utilized  for  the  nine  repeat  pulses 
to  provide  more  efficient  recording  of  data. 

Failure  Levels: 

Test  pulses  which  result  in  device  failure  instead  of 
expected  protection  will  be  identified  with  the  device 
nomenclature  as  described  above  plus  the  peak  magnitude  of  the 
pulse  ^  which  resulted  in  failure.  Note  the  required  use  of  the 
suffix  "R"  to  indicatefailure  under  reversed  polarity. 

REPORTING  REQUIREMENTS 

Device  Results  : 

Data  photographs  for  each  protective  device  will  be 
consolidated  as  raw  data  for  the  feport  of  test  results. 
Additional  graphics  will  be  prepared  where  they  may  depict 
meaningful  device  characteristics.  All  data  will  be  reviewed  and 
utilized  in  the  development  of  a  narrative  characterization  of 
each  device  which  specifically  addresses  its  suitability  for  the 
purpose  of  transient  protection  in  this  program.  Any  limitations 
on  use  resulting  from  the  tests,  as  well  as  cost  and 
availability,  will  be  included  in  the  characterization. 

Test  Methods: 

The  j,eneric  methods  and  procedures  utilized  during  the 
protective  .evice  tests  ,  are  summarized  as  Appendix  II.  A 

discussion  'f  error  sources  and  their  effect  on  test  results  ir 
included  . 

Final  Report: 

A  final  report  of  test  activity  will  be  prepared  to  contain 
a  summary  of  methods  and  generalized  results.  In  addition 
specific  recommendations,  based  on  test  results,  will  be  provided 
to  guide  utilization  of  tested  devices  in  the  remaining  activity 
of  this  program . 


TEST  PROGRAM  COORDINATION 
Laboratory  Responsibility: 

Lab  scientists  of  IRT  'Corporation  will  have  sole 
responsibility  for  operation  of  the  transient  pulse  sources  and 
data  recorders  in  a  manner  which  provides  maximum  safety  for 
personnel  and  government  propertynot  under  test,  including 
previously  recorded  test  data. 
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Test  Program  Coordination  (continued) 

Program  Engineer(s)': 

Program  '  engineers  representing  Electrospace  Systems, 
Incorporated  will  assist  the  Lab  Scientists  in  conducting  the 
test  program,  including  management  of  protective  device  inventory 
and  preparation  of  devices  for  test  connection.  These  personnel 
are  responsible  for  selection  of  devices  for  test,  and  review  of 
results  to  determine  additional  tests  required,  with  appropriate 
guidance  from  IRT  scientists.  Program  engineers  shall  arrange 
for  custody  and  transportation  of  test  materials  owned  by  the 
government  ,  ESI  or  its  other  contractors,  and  for  obtaining  and 
safeguarding  unclassified  test  data  from  IRT  scientists.  No 
classified  information  will  be  utilized  or  generated  by  this 
program. 
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OVERVIEW 


There  are  noM  abundant  supplies  o-f  devices,  available  to 
both  the  public  and  specialized  electronic  market,  which  are 
claimed  by  their  manu-f acturers  to  provide  complete  transient 
protection  -for  electrical  equipment.  However,  there  is  no  common 
test  procedure  -for  determining  "success"  in  transient  pulse 
protection  that  can  be  generally  applied  to  all  devices.  A 
concept  -for  qual  i-f  ication  testing  o-f  protective  de\ices  is 
described  here  which  o-f-fers  a  rational  approac^l  to  certi-fying  the 
average  performance  o-f  a  particular  group  o-f  devices  against  such 
fast-rising  (nanoseconds)  and  powerful  (kilovolts)  transient 
pulses  as  might  be  generated  by  lightning  or  electromagnetic 
pulse  (EMP) .  Those  devices  found  to  be  "qualified”  may  then  be 
used  with  confidence  in  transient  protection  applications  such  as 
the  amateur  radio  configurations  to  be  developed  under  this 
program. 


BACKGROUND 

As  mechanical  devices  and  vacuum  tubes  are  phased  out  of 
common  radio  and  communications  equipment,  a  realization  has 
developed  that  the  solid  state  devices  now  in  use  are  becoming 
more  and  more  vulnerable  to  transient  electrical  signals.  Hence, 
a  new  market  for  transient  protection  has  arisen,  causing 
manufacturers  to  increase  development  and  production  of  such 
devices. 

Some  limited  government  research  into  transient  protectivi* 
devices  against  EMP  has  been  accomplished  during  the  past  fifteen 
years,  but  the  results  are  not  generally  available  to  the  public, 
and  generally  not  compiled  into  any  useful  data  base. 

If  a  standard  test  method  and  reporting  system  for  transient 
protective  devices  were  available,  individual  private  radio 
amateurs  could  make  rational  decisions  concerning  the  purchase  of 
such  devices.  Without  such  information,  devices  are  not  likely 
to  be  installed,  or,  if  installed,  the  sole  criterion  for  the 
purchase  decision  might  be  initial  cost. 
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CONCEPT 


The  ,  following  paragraphs  describe  features  of  a  protective 
device  qualification  program  which  depends  on  the  careful  testing 
of  a  significant  sample  of  protective  devices  against  a 
recognized  transient  threat  pulse,  with  results  stated  precisely 
in  terms  of  pre-deter mined  critera  for  success. 

The  success  critera  will  include  ability  to  .reject  a 
sufficient  percentage  of  threat  magnitude,  determined  in 
accordance  with  the  desired  application,  to  allow  use  of  the 
device  as  part  of  a  transient  protection  scheme.  This  capability 
will  be  characterized  by  a  rejection  ratio,  measured  in  decibels, 
defined  as: 

Peak  Si gnai  In 

S  20  log  - ^ - . 

10  Peak  Signal  Out 

The  rejection  ratio  will  be  certified  by  comparison  of  an  input 
and  output  waveform  suitably  scaled  to  allow  direct  overlay  of 
the  waveforms.  Other  critera  will  include  the  ability  of  the 
device  to  withstand  at  least  a  minimum  number  of  threat  stresses 
without  failure  (degradation  of  the  rejection  ratio  below  a 
specified  error  margin),  a  measure  of  variarice  between  tested 
devices,  and  an  absolute  magnitude  of  voltage  and  current  which 
cause  actual  failure  of  the  device  to  support  its  intended  use. 


FEATURES 

Selection  of  Devices 

There  exist  three  commonly  used  approaches  to  the  general 
problem  of  transient  protection.  The  undesired  transient  signal 
may  be  diverted  to  a  more  harmless  path  (diversion) ,  reflected 
back  toward  its  source  (reflection),  or  absorbed  in  a  lossy 
medium  (absorption).  Among  the  most  popular  gadgets  purchased  by 
the  public  for  protection  of  computers  and  radio  gear  are  such 
diversion  devices  as  spark  gaps,  silicon  transient  voltage 
suppressors,  and  metal  oxide  varistors.  The  more  serious  radio 
operator  may  be  familiar  with  such  reflection  devices  as  filters, 
or  combination  diversion-reflection  devices  commonly  called 
hybrid  transient  suppressors.  Conventional  protection  devices 
such  as  circuit  breakers,  fuses,  or  relays  are  generally 
considered  too  slow  to  interrupt  fast  lignti>ing  or  EMP,  and  will 
not  be  tested  here. 

Screening  of  protective  devices  available  over  the  counter 
should  result  in  a  test  list  of  the  most  inexpensive  units 
considered  representative  of  each  type.  Where  economically 
feasible,  enough  units  of  each  type  will  be  tested  to  define  a 
significant  statistical  sample.  Experience  in  prior  test 
programs  indicates  that  about  15  units  of  each  device  should 
provide  such  a  sample.  Appendix  I  lists  examples  of  such  devices 
in  common  use. 


Features  (continued) 


Threat  De-finition 

Other  than  the  case  o-f  a  direct  lightning  stroke,  EMP  is 
generally  considered  a  more  stringent  threat  to  electrical 
systems  than  lightning.  Consequently,  the  qualification  test 
pulse  muwt  rise  to  full  strength  in  fewer  than  10  nanoseconds  and 
decay  exponentially  in  about  one  microsecond.  For  currents, 
peaks  in  excess  of  thousands  of  amperes  have  been  predicted  as 
response  to  EMP.  Similiarly,  voltages  may  reach  hundreds  of 
kilovolts.  In  some  cases,  the  required  operating  parameter  for  a 
protective  device  is  the  slope  of  the  voltage  (or  current) 
wavefront  with  respect  to  time. 

The  protective  devices  must  also  be  tested  more  than  once, 
in  order  to  ensure  that  protection  is  not  circumvented  by  the 
first  threat  transient  received. 


Facility  Requirements 

The  selection  of  facilities  and  test  equipment  for  the 
qualification  testing  is  one  of  two  key  factors  governing  success 
or  failure  of  this  program.  The  test  lab  must  be  large  enough  to 
provide  a  stable  environment  for  device  tests,  even  if  similar 
devices  are  tested  weeks  apart.  The  transient  source  must  be 
calibrated  and  demonstrated  to  perform  according  to  its 
calibration  at  frequent  intervals  during  testing.  Specialized 
equipment  will  be  required  to  connect  the  source  to  the  devices 
under  test  without  introducing  spurious  signals  or  lengthening 
the  rise  times  of  the  pulses,  and  to  record  the  input  and  output 
waveforms  across  each  device  tested.  An  efficient  system  of 
controlling  test  data  and  documenting  resulis  must  be  provided  by 
the  test  facility.  Use  of  one  of  the  appropriate  government  labs 
for  this  effort  is  possible,  if  potential  problems  of  cost, 
availability,  scheduling,  and  over-classification  of  data  can  be 
overcome. 


Features  (continued) 


Personnel  Requirements 

The  other  key  -factor  governing  the  success  of  this  program 
is  ensuring  that  testing  is  conducted  under  the  direct  control 
and  guidance  of  personnel  who  have  documented,  specific 
experience  in  EMP  pulse  test  programs.  Failure  to  provide 
EMP-test  qualified  personnel  is  certain  to  generate  test  results 
that  will  not  be  considered  adequate  by  the  Defense  scientific 
community,  most  likely  with  good  reason,  for  few  technicians  in 
industry  or  government  routinely  deal  with  the  myriad  problems 
caused  by  testing  almost  to  failure  with  high  powered,  fast 
rising  transients.  Sophisticated  pulsers  and  test  probes 
requiring  calibration  of  both  time  and  amplitude,  with  limited 
distortion-free  ranges  of  operation,  create  many  opportunities 
for  inexperienced  personnel  to  unknowingly  record  invalid  data. 

From  a  program  standpoint,  effective  use  of  a  ,  hired 
laboratory  (be  it  government  or  commercial)  will  require  the 
continuous  assistance  of  at  least  one  knowledgeable  member  of  the 
program  team,  who  can  interpret  results  and  make  any  required 
changes  in  device  selection  as  the  ^est  progresses. 


Reporting  of  Results 

A  general  plan  for  organizing  data  records  must  be  included 
in  the  overall  test  plan  for  this  program.  As  a  minimum,  it  will 
be  necessary  to  determine  the  average  transient  attenuation  of 
the  threat  pulse  for.  each  group  of  like  protective  devices,  and 
the  amplitude  evel  where  failure  of  the  device  occurs. 
Organizing  the  devices  will  allow  any  correlations  between 
standard  operating  oarameters  and  test  results  to  be  easily 
observed.  A  modern  lab  is  expected  to  obtain  directly  digitized 
tabulations  of  the  input  and  output  waveform  for  comparison  with 
limits  of  the  protection  design. 


Program  Coordination 

From  the  partial  listing  of  transient  protection  devices 
available  (see  Appendix  I),  the  protection  design  engineer  should 
indicate  those  of  least  cost  that  are  expected  to  perform  the, 
protective  function  as  desired.  If  they  can  be  obtained,  the 
less  costly  devices  should  be  cf  prime  importance  for  testing, 
because  one  of  the  goals  of  the  program  is  minimal  cost  to  the 
radio  operator  who  installs  the  protection.  As  discussed  under 
"Personnel  Requirements",  final  day-to-day  selection  of  devices 
for  test  is  dependent  upon  results  to  date  and  the  availability 
of  substitutes  for  tested  devices  which  did  not  "qualify". 
Depending  on  the  availability  of  test  time,  it  would  be 
desirable  to  qualify  as  many  devices  as  possible  to  expand  the 
availability  of  parts  for  the  "Protection  Kits"  which  will  be 
developed  under  this  contract. 


Appendix  1 


type  hanufactupep  trade  name 


MODELS 


SG  G  P  CLARE  AND  CO  COMM  GAP 

SG  FISCHER  CUSTOM  COMM  GAS-CAP  DIODE 


SG  JQSLYN  ELECTRONICS  SYS 

SG  JOSLYN  ELECTRONICS  SYS 

SG  JOSLYN  ELECTRONICS  SYS 

SG  SIEMENS 

SG  SIEMENS 

S3  SIEMENS 

SG  TII  INDUSTRIES  INC 

MOV  GENERAL  ELECTRIC  CO 
MOV  INTERNATIONAL  RECTIFIER 
TVS  GENERAL  ELECTRIC  CO 

IVS  GENERAL  SEMICNDCTOR  IND 

TVS  G'INERAL  SEMICNDCTOR  IND 

TVS  , 

TVS  TRW  CAPACITORS 

HTP  CONTROL  CONCEPTS  CORP 

HTP  CONTROL  CONCEPTS  CORP 

HTP  FISCHER  CUSTOM  COMM 

HTP  JOSLYN  Electronic  sys 

HTP  KAPUSI  LABORATORIES 

H^P  KAPUSI  LABORATORIES 

HTP  KAPUSI  LABORATORIES 

HTP  KONIC  INTERNATIONAL 

HTP  MCG  ELECTRONICS  INC 

HTP  MCG  ELECTRONICS 

HTP  MCG  ELECTRONICS.  INC 
HTP  TII  INDUSTRIES  INC 

HTP  TII  INDUSTRIES  INC 

FIL  RFI  CORPORATION 

FIL  ERIE  TECH  PRODUCTS 

FIL  SPRAGUE  ELECTRIC  CO 


MSP 

TRIGARD 

SURGITRON 

BUTTON  TYPE  SVP 

POWER  TYPE  SVP 

COMMUNICATIONS  TYPE  SVP 

SURGE  ARRESTOR  TUBES 

SURGE  ARRESTOR 

ZENAMIC  MOV  TRANS  SUPPR 

HOME  LIGHTNING  PROTECTOR 

TRANS20RB 

20RP  ELECTROSTAT  DISCHARGE 
TRANS!  -Tr.AP 

TRANSIENT  VOLTAGE  PROTECT 
ISLATROL,  , 

ISLATROL  BI-DIRECTIONAL 

SPIKEGUARD 

PROTECTORS 

INTERGUARD 

LINE  SURGE  ABSORBER 

POWER  GUARD 

TRANSTECTORS 

EQPT  ti  BRANCH  PROTECTORS 
SIGNAL  LINE  PROTECTOR 
MALL  outlet  PROTECTOR 
OVER-VOLTAGE  SURGE  PROT 
POWtRLINE  SURGE  PROTECTOR 
SUBMINATURE  FILTERS 
EMI  FILTERS 

RADIO  INTERFERENCE  FILTERS 


21 

16 

7 

26 
13 
5 
1 1 
1 3 

9S 

18 

9 

157 

35 

9 

12 

8 
ji 

4 
2 
40 
13 
3 
'4 
9 
'  7 
34 
42 
225 


SG  ■  SPARK  GAP.  HTP  «  HYBRID.  MOV  »  METAL  OXIDE  VARISTOR,  TVS  *  TRANSIENT 
VOLTAGE  SUPPRESSOR.  FIL  *  FILTERS 


1-15 


/ 


Appendix  II 


Direct  Injection  Equipment 

The  ■following  equipment  is  typical  O'f  that  required  to 
inject  a  standard  EMP  wave-form  into  a  selected  test  device. 
Choice  o-f  the  equipment  actc^lly  used  depends  on  the  levels  o-f 
voltage  or  current  desired,  si  d  the  method  of  signal  driving: 

Coaxial  charge  line  pulse  generator 

(nanosecond  rise,  500  volts  into  50  ohms) 

High  power  pulse  generator 

(10  nanosecond  rise,  up  to  100  microsecond  length, 
500  volts  into  50  ohms) 

Optically  triggered  pulse  generator 

(nanosecond  rise,.  3  amps  into  50  ohms) 

High  power  Marx  generator 

(400  kilovolt,  40  kiloamp  into  short  circuit) 

Capacitive  discharge  pulse  generator 
(40  kilovolt) 

Damped  sinusoid  generator 

(variable  ring/frequency,  0.5  kw  into  50  ohms) 

Controllable  capacitive  discharge  pulse  generator 
(20  kv-100  kv,  10  nanosecond  risetime) 


Response  Measuring  Devices 


High  impedance  voltage  probes 

(calibrated,  shielded  against  spurious  signals) 

Differential  voltage  probes 

(calibrated,  adjustable  reference  point), 

Calibrated  impedance  matching  transformers 
(with  adjustable  attenuati on)* 

Current  probes  of  various  AC  ranges 

(calibrated,  with  adjustable  attenuation) 

Shielded  data  links  from  probes  to  recorders 
(calibrated  amplifiers  and  attenuators) 

Digitizing  Oscilloscopes 

(calibrated,  with  internal  and  external  triggers, 
with  reference  time  marks) 
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LIST  OF  DEVICES 


ITEM 

MANUFACTURER 

PART 

DESCRIPTION 

1 

FISCHER 

FCC-120F-P 

SPIKEGUARD  SUPPRESSOR  -  AC 
POWERLINE  PROTECTOR 

2 

FISCHER 

FCC-250-300-UHF 

SPIKEGUARD  SUPPRESSOR  COAXIAL  LINE 

3 

FISCHER 

FCC-250-350-UHF 

SPIKEGUARD  SUPPRESSOR  COAXIAL  LINE 

4 

FISCHER 

FCC-250-75-BNC 

SPIKEGUARD  SUPPRESSOR  COAXIAL  LINE 

5 

FISCHER 

FCC-250-150-UHF 

SPIKEGUARD  SUPPRESSOR  COAXIAL  LINE 

6 

FISCHER 

FCC-250-120-UHF 

SPIKEGUARD  SUPPRESSOR  COAXIAL  LINE 

7 

FISCHER 

FCC-450-120-UHF 

SPIKEGUARD  SUPPRESSOR  COAXIAL  LINE 

8 

JOSLYN 

2027-23-B 

MINIATURE  GAS-TUBE  SURGE  PROTECTOR 
(MSP) 

9 

JOSLYN 

2027-35-B 

MINIATURE  GAS-TUBE  SURGE  PROTECTOR 
(MSP) 

10 

JOSLYN 

1270-02 

SURGITRON  -  PLUG-IN  AC  SURGE 
ARRESTOR 

11 

JOSLYN 

1250-32 

SURGITRON  -  SURGE  ARRESTOR 

12  , 

JOSLYN 

1664-08 

TRANSIENT  PROTECTOR  FOR  DATA  INPUT 
CIRCUIT 

13 

JOSLYN 

2027-09-B 

MINIATURE  GAS-TUBE  SURGE  PROTECTOR 
(MSP) 

14 

JOSLYN 

2027-15-B 

MINIATURE  GAS-TUBE  SURGE  PROTECTOR 
(MSP) 

15 

JOSLYN 

2022-44 

TRIGUARD  THREE-ELECTRODE  GAS-TUBE 
SURGE  PROTECTOR 

16 

JOSLYN 

2031-23-B 

MINIATURE  GAS-TUBE  SURGE  PROTECTOR 
(MSP.. 

17 

JOSLYN 

2031-35-B 

,  MINIATURE  GAS-TUBE  SURGE  PROTECTOR 
(MSP) 

18 

GENERAL  ELECTRIC 

V39ZA6 

METAL  OXIDE  VARISTOR  (GE-MOV) 

19 

GENERAL  ELECTRIC 

V82ZA12 

METAL  OXIDE  VARISTOR  (GE-MOV) 

20 

GENERAL  ELECTRIC 

V180ZA10 

METAL  OXIDE  VARISTOR  (GE-MOV) 

21 

GENERAL  ELECTRIC 

V8ZA2 

METAL  OXIDE  VARISTOR  (GE-MOV) 

22 

GENERAL  ELECTRIC 

V36ZA80 

METAL  OXIDE  VARISTOR  (GE-MOV) 

23 

POLYPHASER  CORP 

IS-NEMP 

COAXIAL  LINE  PROTECTOR 

24 

POLYPHASER  CORP 

IS-NEMP-1 

COAXIAL  LINE  PROTECTOR 

25 

POLYPHASER  CORP 

IS-NEMP-2 

COAXIAL  LINE  PROTECTOR 

26 

TII 

T11428 

PLUG-IN  POWERLINE  PROTECTOR 

27 

SIEMENS 

SlOKll 

METAL  OXIDE  VARISTOR  (SIOV) 

28 

SIEMENS 

S20K25 

METAL  OXIDE  VARISTOR  (SIOV) 

29 

SIEMENS 

S14K50 

METAL  OXIDE  VARISTOR  (SIOV) 

30 

SIEMENS 

S10K6C 

METAL  OXIDE  VARISTOR  (SIOV) 

31 

SIEMENS 

S14K130 

METAL  OXIDE  VARISTOR  (SIOV) 
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LIST  OF  DEVICES  (Contd) 


ITEM  MANUFACTL-EER 

PART 

DESCRIPTION 

32 

SIEMENS 

B1-C75 

BUTTON  TYPE  SURGE  VOLTAGE  PROTECTOR 

33 

SIEMENS 

B1-C90/20 

BUTTON  TYPE  SURGE  VOLTAGE  PROTECTOR 

34 

SIEMENS 

B1-C145 

BUTTON  TYPE  SURGE  VOLTAGE  PROTECTOR 
(AC) 

35, 

SIEMENS 

B1-A230 

BUTTON  TYPE  SURGE  VOLTAGE  PROTECTOR 

36 

SIEMENS 

B1-A350 

BUTTON  TYPE  SURGE  VOLTAGE  PROTECTOR 

37 

SIEMENS 

S8-C150 

POWER  TYPE  SURGE  VOLTAGE  PROTECTOR 

38 

SIEMENS 

T61-C350 

COMMUNICATIONS  TYPE  SURGE  VOLTAGE 
PROTECTOR 

39 

ALPHA  DELTA 

TRANSI  TRAP  LT 

COAXIAL  LINE  SURGE  PROTECTOR 

40 

ALPHA  DELTA 

TRANSI  TRAP  R-T 

COAXIAL  LINE  SURGE  PROTECTOR 

41 

GENERAL  SEMICONDUCTOR 

587B051 

120  VAC  LINE  PROTECTOR  TRANSORB 

42 

GENERAL  SEMICONDUCTOR 

ICTE-5 

TRANSZORB 

43 

GENERAL  SEMICONDUCTOR 

ICTE-15 

TRANSZORB 

44 

GENERAL  SEMICONDUCTOR 

ICTE-8C 

TRANSZORB 

45 

GENERAL  SEMICONDUCTOR 

LCr.6.5A 

TRANSZORB 

46 

GENERAL  SEMICONDUCTOR 

LCEj  5A 

TRANSZORB 

47 

GENERAL  SEMICONDUCTOR 

I'^ESl 

TRANSZORB 

48 

GENERAL  SEMICONDUCTOR 

LCE130A 

TRANSZORB 

49 

GENERAL  SEMICONDUCTOR 

PHP  120 

TRANSZORB  BIDIRECTIONAL  AC  POWER 
PROTECTOR 

50 

GENERAL  SEMICONDUCTOR 

GHV-12 

BIDIRECTIONAL  SURGE  PROTECTOR 

51 

GENERAL  SEMICONDUCTOR 

GSVIOI 

BIDIRECTIONAL  VARISTOR 

52 

GENERAL  SEMICONDUCTOR 

GSV201 

BIDIRECTIONAL  VARISTOR 

53 

ELECTRONIC  PROTECTION 
DEVICES 

LEMON 

AC  SURGE  PROTECTOR 

54 

ELECTRONIC  PROTECTION 
DEVICES 

PEACH 

AC  SURGE  PROTECTOR 

5,5 

S.  L.  WABER 

LG-IO 

AC  POWERLINE  PROTECTOR 

56 

ARCHER 

61-2785 

3  OUTLET  VOLtAGE  SPIKE  PROTECTOR 
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MANUFACTURERS 


Alpha  Delta  Conmunicatlons 
P.O.  Box  571 

Centerville,  Ohio  45A59 
(513) 

Electronic  Protection  Devices,  Inc. 
P.O.  Box  673 

Waltham,  Massachusetts  0225A 
(617)  890-2518 
1-800-3A3-1813 

Fischer  Custom  Communications,  Inc. 
P.O.  Box  581 

Manhattan  Beach,  California  90266 
(213)  6A2-00A9 

General  Electric 

MD38.  Building  7,  Electronics  Park 
Syracuse,  New  York  13221 
(315)  253-7321 
(315)  A56-3515 

General  Semiconductor  Industries,  Inc. 
2001  West  Tenth  Place 
Tempe,  Arizona  85281 
(602)  968-3101 

Joslyn  Electronic  Systems  Division 
P.O.  Box  817 

Santa  Barbara  Research  Park 
6868  Cortona  Drive 
Goleta,  California  93116 
(805)  968-3551 

Polyphaser  Corporation 
1A25  Industrial  Way 
Gardnervllle,  Nevada  89A10-1237 
(702)  782-2511 

Siemens  Corporation 
186  Wood  Avenue  South 
Iselin,  New  Jersey  08830 
(201)  321~3A00 


MANUFACTURERS 


9.  S.  L.  Waber  Division 
S.  L.  Industries,  Inc. 

300  Harvard  Avenue 
Westvllle,  New  Jersey  08093 
(609)  456-5400 

(800)  257-8384 

10.  TII  Industries,  Inc. 

1375  Akron  Street 

,  Coplague,  New  York  11726 
(516)  789-5020 
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SPECl.-iC-XTiONS 


SPIKEGUARD 

SUPPRESSORS 

NANOSECOND  TRANSIENT  PROTECTION 


MODELS  AVAILABLE  FOR 

•  COAXIAL  LINES 

•  TELEPHONE  CIRCUITS 

•  I/O  SEMICONDUCTOR  CIRCUITS 


FISCHER  CUSTOM  COMMUNICATIONS  : 


BOX  581  •  MANHATTAN  BEACH,  CALIFORNIA  90266  •  TELEPHONE  (213)  5454617 


FISCHER  CUSTOM  COMMUNICATIONS 

BOX  5B1  •  MANHATTAN  BEACH.  CA.  •  902BB 
AREA  CODE  213 

SFIKEGuARD  PROTECTOR  CHARACTERISTICS 
>:ODEL  FCC-1207-P 

The  FCC-120F-P  is  designed  to  protect  120  VRI-IS  60-400  Hz 
single  phase  powerlines.  The  protector  is  designed  with 
metal  oxide  type  components. 

It  is  capable  of  sustaining  4000  peak  amperes  for  a  transient 
having  a  duration  of  20  microseconds,  and  400  peak  amperes 
for  400  microseconds.  It  is  also  capble  of  dissipating  25 
watts  of  average  power,  and  30  Joules  of  energy. 

The  unit  will  clamp  line  to  ground  transients  to  400-600 
peak  volts  depending  upon  the  exact  risetlme  gradient  of  the 
transients,  the  Impedance  of  the  circuits,  and  the  length 
of  leads  from  protector  to  ground.  The  maximum  clamping 
voltage  will  be  for  those  transients  approximating  a 
gradient  of  one  megavolt  per  microsecond,  with  total  clamping 
occurring  in  a  few  nanoseconds  for  very  fast  transients. 

The  above  clamping  characteristics  will  be  maintained  when 
tested  to  the  requirements  of  the  Surge  Withstand  Capability 
specified  by  ANSI  C37.90a 

Physically,  the  FCC-i20F-P  is  2.5**  X  3.5'*  X  2.0”  in  shape.  , 
It  has  solid  ground  straps  which  can  be  used  to  mount  the 
unit,  and  at  the  same  time  provides  a  low  impedance  path 
to  the  mounting  cabinet  or  ground  plane,  A  terminal  Is 
mounted  on  the  surface  opposite  the  grounding  tabs  in  order 
to  make  the  electrical  connection  to  the  120  VHMS  powerline. 
In  order  to  provide  optimum  clamping  of  tremslents,  the  lead 
to  this  terminal  should  be  trimmed  as  short  as  possible  to 
minimize  its  Inductance, 


4-3 


FISCHER  CUSTOM  COMMUNICATIONS 

BOX  581  •  MANHATTAN  BEACH,  CA.  90266 
AREA  CODE  213  545-4617 


SPIKEGUARD  SPECIFICATIONS 
LIGHTNING  AND  TRANSIENT  PROTECTION 

Characteristics: 

Spikeguards  provide  protection  fronrf  transients  originating  from  switching,  lightning,  and  EMP.  Spikeguards  have 
been  designed  to  provide  protection  for  sensitive  electronic  circuitry  as  well  as  for  transmitters  and  receivers  at  their 
antenna  transmission  line  terminals. 

They  exhibit  fast  response  through  the  UHF  region,  and  are  constructed  from  proven  transmissicn  line,  gaseous 
discharge  components,  silicon  components,  and  can  be  subjected  to  many  repeated  transients. 

Spikeguards  have  been  organized  into  various  types  that  will  optimize  those  protective  characteristics  required. 

The  FCC-2S0  series  (the  part  numbering  system  will  be  described  later)  are  rated  at  10,000  amperes  for  a  duration  of 
10  microseconds.  This  series  is  available  in  a  number  of  dc  breakdown  voltages  varying  from  75  volts  to  2000  volts. 
For  dc  voltages  up  to  2000  volts  this  series  has  a  pulse  (overshoot)  breakdown  varying  from10(XI  to  3000  volts  for  a 
pulse  rise  time  of  1  megavolt/microsecond.  The  impedance  of  this  series  is  approximately  equivalent  to  2.5  picofarads 
in  shunt  with  the  transmission  line  load. 

Typical  VSWR  characteristics  of  this  series  for  type  N,  UHF,  and  C  coaxial  connectors  are  as  follows: 


too  MHz 

1.2:1 

200  MHz 

1.4:1 

300  MHz 

1.6:1 

400  MHz 

1.8:1 

The  1 .8: T  VSWR  will  aeate  less  than  5  per  cent  of  the  incident  power  being  reflected  back  to  the  transmitter. 

In  the  event  that  the  total  tolerable  VSWRis  specified  for  the  entire  coax-to-ahtenna  system,  a  determination  can  be 
made  if  the  addition  of  a  Spikeguard  will  exceed  the  limit.  It  is  merely  necessary  to  specify  the  VSWR  and  impedance 
of  the  system  without  the  Spikeguard,  and  the  above  analysis  can  be  carried  out. 

The  FCC-350  series  is  rated  at  3000  peak  amperes  for  a  15  microsecond  pulse  halfwidth  for  breakdown  voltage  ratings 
from  550  to  4000  volt: .  This  series  is  available  in  various  breakdown  voltages  varying  from  550  to  30,000  volts. 

The  350  series  is  extremely  fast  in  reacting  to  transient  voltages.  The  overshoot  to  the  dc  specified  trip  voltages  for 
transients  having  a  pulse  rate  of  rise  of  1  megavolt/microsecond  is  minimel.  since  the  trip  voltage  is  achieved  in  1  to  2 
nanoseconds.  The  impedance  of  this  series  is  approximately  equivalent  to  2  picofarads  in  shunt  with  the  transmission 
line  load. 

Typical  VSWR  characteristics  of  the  350  series,  for-type  N,  UHF,  C,  and  HN  coaxial  connectors  are  as  follows; 


Frequency  (MHz) 

VSWR 

N 

UHF 

C 

HN 

50 

1.1:1 

1.1:1 

1.05:1 

1.1:1 

100 

1.2:1 

1.3:1 

1.1:1 

1.12:1 

200 

1.3:1 

1.5:1 

1.4:1 

1.2:1 

300 

1.6:1 

1.7:1 

1.7:1 

1.45:1 

4C0 

2.4:1 

2.3:1 

2.2:1 

2.0:1 

An  improved  250  and  350  series  has  been  developed,  now  designated  the  250A  and  350A  series.  These  units  have 
imprevad  VSV/R  characteristics  with  all  electrical  and  mechanical  characteristics  remaining  the  same  as  previously 
stated  for  the  250  and  350  series. 
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The  250A  series  for  the  type  N  and  UHF  connectors  have  nominal  VSWR  values  as  follows: 


VSWR 

1.1:1 
1.2:1 
1.35:1 
1.5:1 

The  350A  series  for  type  N,  UHF,  C,  and  HN  connectors  have  nominal  VSWR  values  as  follows: 


Frequency  (MHz) 

N 

UHF 

VSWR 

C 

HN 

50 

1.05:1 

1.05:1 

1.05:1 

1.1:1 

100 

1.1:1 

1.1:1 

1.1:1 

1.1:1 

200 

1.2:1 

1.3:1 

1.35:1 

1.2:1 

300 

1.6:1 

1.7:1 

1.6:1 

1  4:1 

400 

2.0:1 

2.1:1 

2.0:1 

1.8:1 

Frequency  (MHz) 

50 

200 

300 

400 


The  insertion  loss  of  all  the  previously  mentioned  types  is  approximately  0.5  db  up  to  450  MHz. 


The  FCC  450  series  Spikeguards  have  been  designed  to  provide  transient  protection  for  receivers  and  transmitters  up 
to  100  watts  of  output  power.  They  have  also  been  designed  to  provide  transient  protection  for  sensitive  semiconductor 
components  and  integrated  circuits. 

The  450  series  are  constructed  from  proven  silicon  components,  that  are  in  turn  encased  in  epoxy. 

They  can  be  provided  with  clamping  voltages  varying  from  6  to  200  vo'ts.  The  6  to  20  volt  units  are  capable  of 
sustaining  70  amperes  of  peak  current  for  a  triangular  pulse  having  a  4  microsecond  pulse  width.  From  20  volts  and 
up  the  units  have  a  decreasing  current  capability,  with  the  2(X)  volt  unit  capable  of  sustaining  5 amperes  of  peak 
current  for  1 5  microseconds. 

The  dc  impedance  in  the  nonconducting  mode  is  equal  to  or  greater  than  5  megohms. 

The  clamping  voltages  are  achieved  in  approximately  1  nanosecond  for  transients  having  a  risetime  gradient  of  1 
megavolt/microsecond.  Of  particular  importance  is  the  fact  that  these  units  exhibit  a  capacitance  of  approximately 
2  picofarads. 

Since  these  units  operate  extrerrrely  fast  and  have  such  low  capacitance,  they  will  provide  transient  protection  for 
sensitive  semiconductor  compcnents.  particularly,  integrated  circuits,  such  as  TTL,  ECL,  DTL,  MOS,  and  MSI.  Due 
to  the  fact  that  they  have  low  capacitance  these  units  can  protect  not  only  power  supplies,  but  input  and  output  data 
lines,  without  degrading  the  data  transmi$sio>i  operating  characteristics,  by  excessive  capacitive  loading. 

Typical  dimensions  of  these  units  are  0.75"  long  by  0.5"  wide  by  0,5"  high. 

The  FCC  450  series  are  also  packaged  in  coaxial  connectors  to  protect  receivers  and  transmitters  from  transients. 

They  exhibit  fast  response  through  the  UHF  region  by  clamping  in  approximately  1  nantjsecOnd  when  subfected  to 
transients  exhibiting  risetime  gradients  of  the  order  of  T  megavolt/microsecond.  These  units  also  have  a  distributed 
capacitance  of  approximately  2  picofarads. 

For  example,  the  FCC-450- 10- (connector  type)  is  used  to  protect  receivers  and  clamps  fast  transients  at  10  volts  peak. 

Typical  VSWR  characteristics  for  type  N,  C,  and  UHF  coaxial  connector  versions  of  the  FCC-450-(  )-(  )  are  as 

follows: 
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Frequency  (MHz) 

VyWR 

50 

1.1:1 

100 

1.3:1 

200 

1.4:1 

300 

1.5:1 

400 

2.0:1 

500 

2.5:1 

The  450  series  when  clamping  a  transient  will  not  permit  the  energy  levels  to  exceed  the  microjoule  level  even  for 
transients  lasting  20  microseconds.  The  VSWR  values  permit  normal  receiver  operation  with  little  or  no  degradation 
in  performance  to  frequencies  of  500  MHz. 

The  450  series  that  clamp  up  to  200  volts  are  capable  of  protecting  transmitters  up  to  100  watts. 

It  must  be  cautioned  that,  since  the  450  series  can  only  sustain  a  limited  transient  pulse,  they  should  be  used  in 
combination  with  a  250  series.  The  450  series  must  be  placed  as  close  to  the  transmitter  or  receiver  as  possible,  and 
the  250  series  must  be  placed  as  close  to  the  antenna  as  possible.  The  250  series  will  intercept  the  transient  first  and 
will  limit  the  overall  energy  to  the  low  millijoule  level  thus  not  permitting  the  transient  energy  to  exceed  the  safe 
level  of  the  450  series. 

In  order  to  obtain  optimum  transient  protection  the  two  units  must  be  separated  via  the  coaxial  cable  by  at  least  50 
feet  for  a  slow  transient  having  a  risetime  gradient  of  20  kilovolts/microsecond;  and  by  3  feet  for  a  fast  transient 
having  a  risetime  gradient  of  1  megavoit/microsecond. 

The  above  hybrid  combination  provides  optimum  protection  of  both  transmitters  and  receivers. 

Even  though  the  250  series  will  have  some  overshoot,  those  units  used  for  transmitters  up  to  100  watts  will  still 
clamp  at  1800  volts  or  lower,  for  a  transient  having  a  risetime  gradient  of  1  megavoit/microsecond,  and  1000  volts 
or  lower  for  a  transient  having  a  risetime  gradient  of  20  kilovolts/inicrosecond. 

In  most  Instances  these  overshoot  voltages  will  not  cause  failure  of  an  antenna  or  transmission  line  since  they  will 
only  last  for  2  nanoseconds  for  the  1  megavoit/microsecond  risetime  gradient,  and  50  nanoseconds  for  the  20 
kilovolt/microsecond  gradient. 

The  energy  levels  finally  permitted  to  arrive  at  a  transmitter  or  receiver  during  a  transient  will  be  well  within  the  safe 
levels  of  450  series  normal  operation. 

As  transmitter  power  output  levels  approach  10  kilowatts  the  250  series  performance  nearly  equals  that  of  the  350 
series.  The  Spikeguard  clamp  voltage  for  a  10  kilowatt  transmitter  would  ideally  be  about  2000  volts  in  order  to 
prevent  inadvertent  firing  of  the  Spikeguard  due  to  transmitter  power  and  antenna  VSWR.  A  2000  volt  rated  250 
senes  will  only  overshoot  to  3000  volts  before  clampirsg  a  1  megavolt/micro'second  gradient  transient.  This  overshoot 
will  only  exist  for  a  period  of  about  1  nanosecond.  Even  for  a  100  watt  transmitter  the  condition  isn't  mi,>H»  more 
severe.  A  100  watt  transmitter  will  be  rated  to  clamp  at  230  volts.  A  1  me^  volt/microsecond  gradient  transient  will 
cause  an  overshoot  voltage  of  about  1500  volts.  This  will  only  permit  the  overshoot  to  exist  for  a  period  of  approxi¬ 
mately  2  nanoseconds.  The  energy  permitted  to  exist  during  either  of  the  above  two  examples  would  not  exceed 
200  microjoules,  which  is  insufficient  to  damage  100  to  500  watt  transmitters. 

Therefore,  transmitter  protection  is  recommended  as  follows.  For  transmitters  up  to  100  watts  output,  a  hybrid 
combination  of  a  250  series  placed  at  or  near  the  antenna,  and  a  450  series  at  the  transmitter  is  recommended  For 
transmitters  of  100  watts  to  10  kilowatts,  a  250  series  unit  placed  near  the  antenrva  is  recommended.  A  350  series  is 
recommended  for  all  transmitters  exceeding  10  kilowatts. 


FISCHER  CUSTOM  COMMUNICATIONS 

BOX  581  •  MANHATTAN  BEACH,  CA.  90266, 

AREA  CODE  213  545-4617 


In  the  event  that  the  250  series  overshoot  for  100  to  10  kilowatt  transmitters  cannot  be  tolerated,  the  350  series  will 
remove  that  condition. 

The  250,  350  and  450  series  protectors  have  also  been  configured  for  protection  of  telephone,  and  computer  data 
lines.  Protection  is  offered  for  1  to  1 50  pairs  of  data  lines.  Installation  is  convenient  and  economical  through  the  use 
of  a  Quick-Connect  Terminal  Block  providing  junction  points  to  the  protectors  that  shunt  the  lines  to  ground. 

The  Quick  Connect  Terminals,  strip,  connect,  and  trim  wire  in  one  operation.  The  terminals  are  designed  to  make  a 
positive  connection  to  unskinned  20-24  gauge  conductors,  or  18  and  19  gauge  skinned  wire,  and  accomplish  this 
th-ough  a  spring  tensioned  terminal  clip,  and  Ouick-Connect  tool  combination. 

The  procedure  for  installation  of  a  data  line  is  to  just  hook  the  unstripped  conductor  to  the  top  of  the  clip.  Then 
using  the  Quick-Connect  tool,  push  the  wire  down  into  the  cl.p.  This  action  automatically  strips  the  insulation, 
forms  an  electrical  connection,  and  cuts  off  excess  wire.  All  of  the  above  in  one  fast  operation. 

The  overall  data  line  protector  comes  with  a  250,  350,  or  450  type  Spikeguard  installed  between  each  terminal  strip 
and  the  ground  strip.  The  ground  strip  runs  the  entire  length  of  the  block,  and  has  convenient  bolt  holes  to  permit 
r^ounting  and  attachment  to  any  earth  connection  available.  The  position  of  the  ground  strip  permits  very  short 
leads,  minimiiing  inductance  m  the  installation. 

Tne  entire  terminal  block  can  also  be  supplied  in  a  metal  housing,  if  no  convenient  terminal  box  is  already  available. 

All  Spikeguards  used  tor  transmitter  protection  have  a  "Warning”  decal  specifying  the  maximum  wattage  rating  that 
the  transmitter  should  be  operated  at.  This  is  to  remind  a  transmitter  operator  not  to  accidentally  run  up  the  trans- 
m  tter  power  output  above  its  normal  operating  level.  This  would  cause  the  transmitter  output  to  be  short  circuited 
and  create  a  high  VSWR.  This  is  a  saf.jty  precaution  since  each  Spikeguard  will  have  a  voltage  rating  that  will  allow 
oueration  of  the  transmitter  at  its  designed  power  output,  and  also  provide  the  desired  protection  from  an  incoming 
transient. 

F.scher  Custom  Communications  power  line  transient  protectors  are  especially  designed  to  achieve  optimum  suppression 
of  high  eneigy  nanosecond  risetime  transients. 

Two  types  of  protectors  are  available. 

The  FCC-120-P  Model  plugs  into  the  free  electrical  outlet  next  to  the  one  your  equipment  receives  its  power.  The 
FCC-120-P  IS  a  120  VAC  (60-400  Ht)  power  line  rated  device,  which  is  capable  of  sustaining  a  transient  peak  current 
of  1000  amperes  for  5  microseconds,  and  100  peak  amperes  for  100  microsecortds. 

Transients  varying  from  400-100,000  peak  volts  will  be  clamped  at  4(X)  to  600  peak  volts.  This  type  of  suppressor  is 
constructed  from  a  metal  oxide  semiconductor,  which  clamps  transients  having  risetime  gradients  of  the  order  of  a 
meqavolt/microsecond. 

The  FCC-120A-P  is  capable  of  withstanding  2000  peak  amperes  for  5  microseconds,  and  200  peak  amperes  for  100 
microseconds.  All  other  characteristics  are  as  previously  stated. 

The  other  type  of  power  line  protector  not  orily  enables  optimum  performance  of  the  metal  oxide  comportent,  but 
increased  overall  circuit  protection  by  the  addition  of  common  mode  chokes  placed  in  series  with  the  power  line 
between  the  meta!  oxide  components  and  the  equipment  being  protected.  This  circuit  configuration  permits  the 
metal  oxide  component  to  have  a  high  common  mode  inductive  impedance  in  series  with  the  load,  thu!  increasing  its 
ability  to  clamp  Clamping  under  these  conditkjns  will  occur  with  the  transient  delivering  minimum  current  to  the 
load  being  protected.  Transients  varying  from  400-100,000  peak  volts  will  be  clamped  at  300  to  500  peak  volts. 

Other  advantages  of  this  design  are  as  follows: 

1  The  common  core  mductor  toroidal  windings  will  not  suffer  core  saturation,  and  voltage  drop  when  passing  the 
high  powei  line  currents 
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2.  The  inherent  capacitance  of  the  metal  oxide  components,  and  the  common  mode  chokes  create  an  LC  filter  that 
will  constantly  provide  protection  from  lower  level  transients  and  interference  caused  by  common  mode  currents. 

This  mode!  is  designated  the  FCC-120-PC.  It  is  capable  of  continuously  carrying  15  amperes  of  either  60  or  400  Hz 
single  phase  power  line  currents.  It  is  capable  of  sustaining  2000  peak  amperes  for  5  microseconds,  and  200  peak 
ampei'es  for  100  microseconds. 

lnsta‘'ation  is  convenient,  just  plug  the  male  receptacle  of  the  suppressor  into  a  single  phase,  third  wire  grounded, 
wall  outlet.  Then  plug  the  equipment  to  be  protected  into  a  grounded  socket  provided  in  the  suppressor. 

Spe:  ai  units  such  as  three  phase  circuits,  greater  transient  current  capability,  or  greater  continuous  current  capability 
will  be  quoted  on -request. 

insta  lation  information  is  extremely  convenient.  All  that  is  required  for  the  coaxial  types  is  the  insertion  of  the  T 
con~ector  assembly  at  any  convenient  coaxial  cable  connector  near  eitior  the  antenna  terminals,  or  near  the  transmitter 
and  or  receiver  terminals. 

The  data  line  450  se.-ies  must  have  its  terminals  soldered  across  the  terminals- to  be  protected. 

The  Ouick-Connect  data  line  Spikeguard  assembly  comes  with  the  suppressors  already  assembled.  The  only  tasks  for 
insta  lation  are  the  mounting  of  the  block,  wire  connections,  and  routing  of  the  leads. 

Orqe'ing  information  is  straight  forward  with  the  part  numbering  system  as  follows,  for  the  250,  350,  and  450  series: 
Example:  FCC-250-90-N 

90  -  N 

t  t 

Nominal  Breakdown  Connector 

Voltage 

Example:  FCC  350-550-UHF 

FCC  -  350  -  550 

t  T 

so  ohms  Nominal  Breakdown 

Voltage 

No  designation  of  a  coaxial  connector  for  the  450  series  will  identify  a  series  mounted  directly  to  a  circuit  via  soldered 
terminals,  such  as  follows: 

Example:  FCC  450-10 

FCC  -  450  -  JO 

t 

Nominal  Breakdown 
Voltage 


yHF 

t 

Connector 
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FISCHER  CUSTOM  COMMUNICATIONS 

BOX  581  •  MANH/STTAN  BEACH.  CA.  90266 
AREA  CODE  213  545-4617 
}1364}^49 


The  Quick-Connect  block  part  numbering  is  as  follows: 

Example:  FCC-250-75-25-S  '*%' 


FCC  -  250 

75 

- 

25 

S 

f 

f 

f 

.  T 

1 

1 

I 

"N 

Series 

75  Volts 

25  Pairs 

Shielded 

Example:  FCC-450-10-6-(Blank) 

FCC  -  450 

10. 

4 

- 

6 

\ 

—  (Blank) 

f 

► , 

1 

Series 

1 

10  Volts 

1 

6  Pairs 

1 

Unshielded 

Any  type  of  coaxral  connector  can  be  specified  to  fit  specific  requirements.  Since  a  coaxial  Spikeguard  is  in  shunt 

with  the  load,  it  is  only  necessary  that  the  T  connector  carry  the  desired  power  of  the  transmitter;  and  the  clamping 

circuit  provide  the  breakdown  voltage  desired.  The  part  numbering  system  is  readily  adaptable  to  specifying  other  „ 

connectors  along  with  the  desired  impedance  and  clamping  voltage,  thus  assuring  the  transmitter  and/or  receiver  of 

protection  during  normal  operation.  '/■[ 


(VJ 


FISCHER  CUSTOM  COMMUNICATIONS 

BOX  581  •  MANHATTAN  BEACH,  CA.  •  902B6 

area  code  213-  545-4617 

313-A43.Q049 

S ^  1. 6^ 


UHF  COAXIAL  CCjlNFCTCR 


:Y£Z  V.  CC.SIi  L  CCl’/iCTCR 

5^  £  d;:x:s:c::s  fch  t;:e  FcLiC"i::G  ..glus: 

5C,  P.SCJi,  ^~:0,  7'=0A,  450 
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in  a  . 


C^mctod. 


^CC’'  2So  -  (  ■)  -  i?/vc 

fCZ  •  -  (  ■)  -  fi>A/C 


tom  Communications,  Inc.  r'-rv*; 

1,  Manhattan  Beach,  California  9CC66  211-545-461 


TECHNICAL  DATA 


MSP® 

Miniature  Gas-tube 
Surge  Protectors 

2027  and  2029  Series 

Joslyn  MSP®  ga8>tub«  protectors  are  precision  built 
surge  and  transient  protection  devices.  Performance  is 
repeatable  over  a  long  life  period. 


APPLICATION 

The  MSP®  protects  against  overvoltages 
caused  by  switching  surges,  contact  with 
foreign  circuits,  and  iightning  discharges, 
either  induced  or  conducteid.  Fast  response 
makes  the  MS^®  particularly  effective  as 
protection  agaii.at  transients.  It  protects 
electronic  circuits  and  associated  compo¬ 
nents  in  telecommunication,  computer,  in¬ 
dustrial  control  equipment,  data  logging, 
CRT  displays,  microwave,  traffic  control,  and 
missile  firing  systems. 

METHOD  OF  OPERATION 
When  a  surge  exceeds  the  breakdown  volt¬ 
age  of  the  tube  (surge  sparkover  voltage),  the 
gap  becomes  intensively  ionized,  and  con¬ 
duction  takes  place  within  a  fraction  of  a 
microsecond.  The  ionized  protector  becomes 
a  short  circuit  and  remains  so  until  the  volt¬ 


age  returns  to  normal.  Ionization  and  deioni¬ 
zation  are  extremely  fast  due  to  the  type  of 
gas  fill  and  physical  configuration  used. 

CONSTRUCTION 

The  gas  tubes  are  assembled  under  clean 
room  conditions.  Inspection  in  accordance 
with  stringent  quality  assurance  procedures 
ensures  total  reliability. 

The  special  alloy  metal  electrodes  of  the  gas 
tube  are  hermetically  sealed  at  high  temper¬ 
ature  to  a  high-alumina  ceramic  body.  This 
provides  Idak-proof  dependability.  The  high- 
alumnia  ceramic  Is  formulated  for  high  insu¬ 
lation  resistance  and  low  dielectric  loss. 
Symmetry  of  construction  provides  equal 
performance  with  either  polarity  of  applied 
voltage. 


JOSLYN  MSP«  TECHNICAL  DATA 
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Specifications 


TECHNICAL  DATA 


DISTINCTIVE  FEATURES 

1.  Instantaneous  and  reliable  respdnse 
in  any  environment. 

2.  Absolutely  no  interruption  of  power 
nor  drop  in  voltage  during  or  after 
passage  of  a  surge. 

3.  Extremely  long  life  with  dependable 
protection. 

4.  Low  voltage  clamping  level  even 
with  high  current  surges. 

5.  Ability  to  protect  against  surge  cur¬ 
rents  up  to  12,000  amps  peak  (8  x 
20  ;isec  wave). 

6.  Reliable  and  equal  performance  in 
either  polarity. 

APPLICATION 

The  surge  arrester  model  1270-02  is 
designed  to  protect  against  transients 
caused  by  lightning,  induction,  switch¬ 
ing  surges  and  EMP, 

The  instantaneous  response  makes  it 
particularly  effective  in  preventing 
damage  to  delicate  solid  state  elec¬ 
tronic  equipment. 


MODEL  1270-02 

SURGITRON 

PLUG-IN  AC  SURGE  ARRESTER 

110- 135V  RMS,  50-60  Hz 

3  Wire  Grounded  Single  Phase 
Listed  by  Underwriters  Laboratories  Inc. 

For  this  reason,  this  surge  arrester  has 
widespread  use  in  computer  installa¬ 
tions  and  microwave  stations  as  well 
as  in  the  telephone,  railroad,  and  pe¬ 
troleum  industries. 

METHOD  OF  OPERATION 

When  a  surge  voltage  exceeds  the  nor¬ 
mal  system  voltage  the  arrester  instan¬ 
taneously  conducts  the  surge  to  ground. 
The  arrester  continues  to  conduct  the 
surge  to  ground  until  the  surge  has 
passed  and  the  system  voltage  has  re¬ 
turned  to  normal.  The  arrester  automat¬ 
ically  restores  itself  to  its  normal  oper¬ 
ating  condition.  The  1270-02  incorpor¬ 
ates  a  fuse  which  opens  the  circuit, 
thereby  extinguishing  the  indicator  light 
and  removing  the  protector  and  its  pro¬ 
tected  load  from  the  circuit,  when  one 
or  more  of  the  following  events  takes 
place: 

1.  If  the  load  exceeds  15  amperes, 

2.  If  the  surge  current  is  substan¬ 
tially  greater  than  4000  amperes 
or  longer  in  duration  than  8  x  20 
microseconds. 

3.  If  the  protector  reaches  its  end-of- 
life. 

Replacing  the  fuse  restores  the  pro¬ 
tector  to  service  if  the  fuse  opened  be¬ 
cause  of  events  1  or  2.  Event  3  will  cause 
the  replacement  fuse  to  open  also. 


•Cov«r«d  by  one  or  more  of  the  following  patents:  • 

3.312,368  3.320.462  3.353,066  3.388.274  3.413.587  3,448.337 

3.535,582  3.543.207  3.564.473  3.588.576  3.811,064  3.813.577 


3.828.290 
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SPECIFICATIONS 


sing: 


lipping  Weight: 


15  ampere,  250  Vrms 


Approx.  1  pound 


ELECTRONIC  SYSTEMS 


6868  CORTONA  DRIVE 

SANTA  Barbara  research  park 

POST  OFFICE  BOX  Sl7 
GOLETA.  CALIFORNIA  93116 
TELEPHONE  (805)  968-3551 
TELEGRAM:  JOSLECTRON,  GOLETA 


JES  263-2.4  7/83  ®  H  P 


tec:  :nical  data 


MODEL  1250-32 


SURGITRON® 

SURGE  ARRESTER 
110-175V  RMS,  50-60  Hz 
2  Wire,  Single  Phase 
Listed  by  Underwriters  Laboratories  Inc. 


DISTINCTIVE  FEATURES 

1.  Instantaneous  and  reliable  response 
in  any  environment. 

2.  Absolutely  no  interruption  of  power 
nor  drop  in  voltage  during  or  after 
passage  of  a  surge. 

3.  Extremely  long  life  with  dependable 
protection. 

4.  Low  voltage  clamping  level  even 
with  high  current  surges. 

5.  Ability  to  withstand  surge  currents 
up  to  20.000  amps  peak  (8  x  20 
Msec  wave)  and  survive. 

6.  Reliable  and  equal  performance  in 
either  polarity. 

APPLICATION 

The  power  arrester  model  1250-32  is 
designed  to  protect  against  transients 
caused  by  lightning,  induction,  switch¬ 
ing  surges  and  EMP. 

The  instantaneous  response  makes  it 
particularly  effective  in  preventing 
damage  to  delicate  solid  state  elec¬ 
tronic  equipment. 


For  this  reason,  this  power  arrester  has 
widespread  use  in  computer  installa¬ 
tions  and  microwave  stations  as  well 
as  in  the  telephone,  railroad,  and  pe¬ 
troleum  industries. 

With  increased  use  of  sensitive  elec¬ 
tronics  such  as  computers,  air  condi¬ 
tioning  controls  and  video  recorders  in 
homes,  low  voltage  arresters  are  need¬ 
ed  to  prevent  damage  from  electrical 
surges.  These  arresters  are  ideally  suit¬ 
ed  for  this  and  are  designed  for  easy 
installation  at  fuse  boxes  and  similar  lo¬ 
cations. 

Long  life  and  maintenance  free  opera¬ 
tion,  even  in  heavy  surge  conditions, 
make  this  unit  the  perfect  arrester  for 
remote  and  unattended  stations,  or  sta¬ 
tions  with  no  back-up  circuits  available. 
The  arrester  is  enclosed  in  a  moisture 
proof  housing  to  ensure  reliable  opera¬ 
tion  in  any  environmental  condition. 

METHOD  OF  OPERATION 

When  a  surge  voltage  exceeds  the  nor¬ 
mal  system  voltage  the  arrester  instan¬ 
taneously  conducts  the  surge  to  ground. 
The  arrester  continues  to  conduct  the 
surge  to  ground  until  the  surge  has 
passed  and  the  system  voltage  has  re¬ 
turned  to  normal.  The  arrester  automat¬ 
ically  restores  itself  to  its  normal  oper¬ 
ating  condition  without  interruption  of 
service  and  with  no  necessity  to  replace 
fuses  or  to  reset  circuit  breakers. 


Iff  ortm  or  moro  of  following  patents: 
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SPECIFICATIONS 


APPLICATION 

120V  RMS.  Single  Phase 

2  wire  50/60  Hz 

-  Voltage  Rating: 

110-175  Vrms  Phase  to  Neutral 

Power  Rating 

Unlimited 

Response  Time 

Instantaneous  (No  Delay  — 
Continuous  Conduction) 

Response  with  Rate-of-Rise 
of  10kV/,iS 

Less  than  350V  pk 

Discharge  Voltage  8x20.usec 

Wave  with  5.000  Amps 

650  V  Norn. 

10.000  Amps 

750  V  Norn. 

Minimum  Life  1.5  KA  8x20t.sec  wave 

2500  Operations 

Extreme  Duty  Discharge  Capacity 
(8x20usec  wave) 

20.000  Amps  Peak 

Power  Consumption 

Less  than  30  Milliwatts 

Operating  Temperature  Range 

-40°  F  to -4-140°  F 

Maximum  Operating  Altitude 

12.000  Feet 

Shipping  Weight: 

Approx.  .5  pound 

CONNECTION  DIAGRAMS 


•  I*  aMa^M*** 


I  *■•••  MtaM 


< l«  f«k'«  ««««•••• 


- 


-I*  «  ••*« 


□fa 


JJ 

»»  «<■ 


• — 4_— 


—  2.13 

—  1.50  - 

1 


1/2  •  14  f4PS  THREAD 
NO  U  A  W  G  ItTRANOEDWlRE 
PVC  INSULATION,  EACH  WIRE 
18'*  -t  1"  LONG 


2.03  -  — 

.84  - 


6868  CORTONA  DRIVE 
SANTA  BARBARA  RESEARCH  PARK 
POST  OFFICE  BCX  817 
GOLETA.  CALIFOnNiA  93116 
TELEPHONE  (8051968-3551 

ELECTRONIC  SYSTEMS  twx  9io-33a.3464 

JES  254  2M  2/84  s>  H  P. 
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TECHNICAL  DATA 


MODEL  1663-08 

TRANSIENT  PROTECTOR 

For  Data  Input  Circuit,  DC  to  20kHz 


Model  1663-08  is  designed  to  fit  and 
protect  all  typical  4-20  MA  current  loops 
from  damaging  transients  induced  by 
lightning  or  switching  of  heavy  equip¬ 
ment  and  powerlines. 

The  1663-08  will  protect  any  low  volt¬ 
age/low  current  DC  to  20kHz  circuits. 

P/N  36213  mounting  rail  allows  easy 
installation  on  any  equipment  rack. 
Simulated  lightning  tests  in  our  lab¬ 
oratory,  using  a  variety  of  transmitters, 
showed  all  transmitters  still  performing 
to  specification  with  no  change  to  either 
protector  or  transmitters,  even  after 
repeated  surges  of  lO.OOOA. 

CONSTRUCTION 

The  1663  08  surge  and  transient  pro¬ 
tector  IS  a  two-stage  protection  unit.  A 
common  chamber,  three-element,  gas 
tube  assures  ultra-fast  and  balanced 
clamping.  The  solid  state  portion 
clamps  the  voltage  to  a  very  low,  safe 
level. 

The  circuit  design  ensure®  equal  pro¬ 
tection  against  surges  of  either  polarity. 
Reliability,  long-life,  and  easy  mounting 
are  the  outstanding  features  of  this 
unit. 


GROUNDING 

Top  center  6-32  stud  with  nuts  and 
washers  is  the  ground  terminal.  Ground 
strap  P/N  34860  will  connect  all  protec¬ 
tor  ground  terminals  and  only  one  earth 
ground  connection  is  required.  One 
ground  strap  for  each  protector  is  re¬ 
quired. 

Use  a  #6  or  larger  nickel-clad  copper 
wire  to  connect  the  equipment  housing 
to  a  suitable  earth  ground  as  shown  in 
Figures  1  and  2. 

Basically,  these  protectors  divert  the 
lightning  induced  surge  current  to 
ground  before  it  can  reach  the  instru¬ 
ment,  thereby  reducing  the  voltage 
potential  between  the  housing  and  elec¬ 
tronic  components  inside  from  several 
thousand  volts  to  a  low  and  .safe  level. 

If  for  any  reason  direct  grounding  of 
transrhitter  is  not  permissible  (cathodic 
protection  or  other),  a  Joslyn  2002-01 
gas  tube  in  series  with  the  ground  wire 
will  isolate  the  transmitter  from  earth 
and  still  hold  potential  between  housing 
and  earth  at  a  reasonable  level  during 
a  discharge.  See  Figure  2. 


•Cov#»«<J  by  or»«  or  mor*  of  foMowms  patvftts: 
3  3U  86S  3.320  462  i.353  066 

3.535  532  3.543.207  3.564  473 


3  388.274  3,413,587  3.448.337 

3.588576  3.8U.Q64  3.913.577  3.828.290 


j 
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Typical  Signal  Level: 


OC  Breakdown:  lir.ct'  line 

lineto-ground 


ELECTRICAL  CHARACTERISTICS 


24V 


Discharge  Voltage:  with  10,00*)  amp  8  x  20.is  surge 
lineto-line 

<100 

lineto-ground 

<50V 

Leakage  Current  at  24V 


Maximum  Load-Current 


Surge  Life:  (No.  of  operations) 

with  500  amp  10  x  IOOOmS  surge  L-G 

>400 

with  10,000  amp  8  x  20uS  surge  L  G 

10 

Series  DC  Resistance:  (per  line) 

22n 

<15, -.A 


lOOma 


HTU.  «CttVCfl 

JdtLTtt 

OTMfH 

(••e 

UKia 
»  eOTtCTOffS 


HTU,  MCCIVCII 

on  OTMtn 


M«.Tn 


Oil  location  NNCM  omCT 
•NOUHONM  or  TNiJISMI'FTtll  l«  MOT 
mKiKMOlX 

THAHMHTTM 


P\  AOOLTM 
•  )  lOOt-OI 

I  y  OA*  TUOt 


»-32U»IC-2A  ThO 
GNOUNO  TERMMAt. 


2. 30 
- 1.«  - 


-  71  ■ 

.39  -  — 


Net  weight  approx.  3  oz.  Standard  accessories  include  P'N  36213  Mounting  Rail  and  P/N  34860  Ground  Strap, 


'  y  ~i  ,  6S68  COWTOI'A  OBIVE 

_  ■  ’  SANTA  BAROABA  RESEARCH  PARK 

^  ,  POST  OFFICE  BOX  8i7 

i  L  GOLETA.  CACIFORNIA  93118 

ELECTRONIC  SYSTEMS 


Soec»#tc#f»on*  Sub;«cr  fo  Chanf*  Wrfhouf  Pr,or  Notre* 


J£S  ?€9  2M  to  «3  H  P 
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TECHNICAL  DATA 

TRIGARD* 
Three-Electrode  Gas-tube 
Surge  Protectors 

Joftlyn  TRIGARD^  gas-tube  protectors  are  precision  buiK.  heavy  duty, 
surge  and  transient  protection  devices.  Performance  is 
reneatable  over  a  Iona  life  oeriod. 


DISTINCTIVE  FEATURES 

1.  Extremely  fast  and  repeatable  respot  ise  in 
light  or  dark  environment  (see  Figure  1) 

2.  Equal  performance  on  surges  of  either  po¬ 
larity 

3.  Balanced  response  from  either  line  to 
ground 

4.  100%  inspected 

5.  Delivery  from  stock 

APPUCAT10N 

The  TRIGARD*  protects  balanced  pairs  against 
oveivoltages  caused  by  switching  surges,  con¬ 
tact  with  foreign  circuits,  and  lightning  dis 
charges,  either  induced  or  conducted.  Fast 
response  makes  the  TRIGARD®  particularly 
effective  as  protection  against  transients.  It 
protracts  electronic  circuits  and  associated  com¬ 
ponents  in  telecommunication,  computer,  in¬ 
dustrial  control  equipment,  data  logging,  CRT 
displays,  microwave,  traffic  control,  and  mis¬ 
sile  firing  systems. 


i  9 
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METHOD  OF  OPERATION 

When  a  surge  exceeds  the  breakdown  voltage 
across  any  portion  of  the  tube  (surge  sparkover 
voltage),  the  entire  gap  becomes  intensively 
ionized,  and  full  conduction  rakes  place  within 
a  fraction  of  a  microsecond.  The  ionized  pro¬ 
tector  becomes  a  short  circuit  from  line-to-line 
and  from  each  line-to  ground  and  remains  so 
until  the  voltage  returns  to  normal.  Ionization 
and  deionization  are  extremely  fast  due  to  the 
type  of  gas  fill  and  physical  configuration  used. 

CONSTRUCTION 

The  gas  tub^s  are  assembled  urKler  clean 
room  conditions.  Inspection  in  accordance 
with  stringent  quality  assurance  procedures 
ensures  total  reliability. 

The  special  alloy  metal  electrodes  of  the  gas 
tube  are  hcnmetically  seated  at  high  temper¬ 
ature  to  a  nigh  alumina  ceramic  body.  This 
provides  leakproof  dependability.  The  high 
alumina  ceramic  is  foimulated  for  high  insul¬ 
ation  resistance  and  low  dielectric  loss.  Sym¬ 
metry  of  confstruction  provides  equal  perfor¬ 
mance  with  either  polarity  of  applied  voltage. 
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N-EMP  PROTECTOR  SERIES 
BULKHEAD  MOUNTABLE 
WITH  EMI/RFI  GASKET 


Dimensions  (LxWxH) 

Inches  -  2.45  x  1  x  2.2S 
MM  -  62.1  X  25.5  x  57 
Weight  (approx,  before  packaging) 
Ounces  4.5  Grams  127.6 


IS-NEMP  available  in  UHF,  N 
or  BNC  connectors 


Poly  Phaser  model  IS-NEMP  Series  is  designed  to  protect  from  High  Altitude  Nuclear  Blast(s) 
effects  on  communications  equipment.  The  ultra-fast  1  nanosecond  response  time*  can 
prevent  the  induced  antenna  ringing  energy  from  damaging  sensitive  solid  state  equipment. 

PolyPhaser  s  IS-NEMP  Series  is  the  only  protector  which  uses  our  Patented  equipment 
isolation  technique  to  ensure  proper  ooeration  no  matter  what  your  equipment  input  port 
looks  like  electrically  (L,  R  or  C;  series  or  shunt  to  ground).  Thus,  we  can  specify  what  the 
maximum  throughput  energy  to  your  equipment  would  be  under  the  worst  case  conditions. 
As  with  all  EMP  gas  tube  type  protectors,  maximum  transmit  power  is  a  function  of  frequency. 
This  is  to  ensure  proper  turn-off  after  a  pulse,  even  under  transmit  power. 

Made  from  highly  conductive  6101-T5  aluminum  extrusion  with  18-8  fasteners,  these  water 
tight  models  use  Type  N,  UHF  or  BNC  Female  Teflon  connectors  (standard)  but  Rexolite  is 
available  on  special  request.  Male  connectors  for  both  N,  UHF  or  BNC  available:  indicate 
either  surge  side  or  protected  side  or  both.  18-8  Stainless  mounting  hardware  and  EMI/RFI 
washer  included 


IS-NEMP 


IS-NEMP-1 


IS-NEMP-2 


Receive*' 

Transmit 

(CW-smgle 

channel) 

EMP 

Throughput 
energy  max 


1-500  MHz 

1-100  MHz.  @  100W 
100-250  MHz  @  SOW. 
250-500  MHz  @25W. 

13  3  M  Joules 


30-700  MHz. 

30-250  MHz.  @  50W. 
250-300  MHz.  @25W. 


600  u  Joules 


125-1  GHz. 

125-250  MHz.  @  SOW. 
250-500  MHz.  @  25W. 
500-1  GHz.  @  10W 


270  u.  Joules 


■  Time  measured  after  wavefront  reaches  DC  threshold  and  until  30  VDC  is  achieved. 
■■  Frequency  response  for  1  1  to  1  VSW.R  or  less  and  less  than  O.ldB  loss. 

■■  For  Receive  Only  DC-30MHz.,  see  our  IS-50B3  Protector  on  Page  17. 
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POWERLINE  PROTECTORS 


Til  hybrid  Powerline  Surge  Protectors  use  the 
synergistic  action  of  Metal  Oxide  Varistors  (MOVs) 
and  the  Til  Maximum  Duty  gau  tube  arrester  to 
guard  against  dangerous  and  destructive  powerline 
surges  caused  by  switching,  lightning  and  other 
transient  sources. 

A  major  producer  of  overvoltage  and  surge 
protection  products  for  the  telecommunications 
industry  for  15  years.  Til  Industries  has  designed  a 
combination  of  components  that  provides  superior 
protection  characteristics  on  ac  powerlines. 

These  components  are  a  hybrid  of  very  fast 
acting  solid  state  devices  and  very  high  power  dissi¬ 
pation  gas  tube  devices  Together  these  compo¬ 
nents  act  in  a  way  that  is  superior  in  performance  to 
that  which  any  arrangement  of  either  component 
used  alone  can  provide. 

Til  products  with  this  combination  of  compo¬ 
nents  can  oe  used  on  both  120  and  220  240  volt 
service  with  up  to  15  20  and  30  amp  loads  They 
protect  sensitive  electronic  equipment  such  as 
PABX  key  telephone  systems  and  data  systems 
Metal  Ox.de  Varistors  (MOVs)  respond  to  fast  rise 
time  lower  energy  content  puises  and  limit  the  peak 
voltages  seen  by  the  protected  equipment.  On 
■  higher  energy  surges  the  major  portion  of  the  surge 
I'current  will  be  diverted  from  the  MOV  to  the  gas  tube 


which  can  handle  many  times  the  peak  current  of  an 
MOV  or  an  avalanche  diode. 

This  sharing  of  surge  current  again  limits  the 
peak  voltage  seen  by  the  protected  equipment.  As  a 
final  state  of  protection,  many  Til  protectors  also 
irKlude  a  thermal  circuit  breaker  that  operates  m  the 
event  of  a  sustained  voltage  surge  that  would 
exceed  the  handling  capabilities  of  both  the  gas  tube 
and  the  MOV  Operation  of  the  crcuit  breaker 
removes  both  the  protection  devices  and  the  pro¬ 
tected  equipment  from  the  line  and  then  automati¬ 
cally  restores  to  normal. 

As  both  industrial  and  consumer  electronic 
equipment  becomes  more  sophisticated,  it  has 
become  more  obvious  that  additional  protection 
techniques  beyond  those  used  in  the  past  will  be 
required  In  some  instances  oroducts  that  only  limit 
peak  voltages  will  not  be  sufficient  and  additional 
circuitry  will  be  necessary. 

This  can  be  seen  today  in  the  need  for  filters 
as  part  of  the  overall  protection  scheme  of  a  power- 
line  protector  The  Til  line  of  Powerline  Surge 
Protectors  includes  units  both  with  and  without 
filters  and  units  with  and  without  line  cords  for  a  full 
line  of  producis  to  meet  both  end  user  and  OEM 
applications. 


Til  428  Plug-In  Powerline  Protector 

UL  Listed 


Di-'Bi'SiOns  4’.  «2’>  «2'4 
We  g’’!  10  or 

Sia-'Caid  Pa.vage  24  p-eces 
S"  poi-ig  we.qfi!  iSibs 

'-(e  ’ll  42.B  s  a  se'i-!:o"'a'''ed  oowe''..ie  surge  pioiecio'  wb.rh 
dvds  "ic  a  5ia' .da’d ’2C  Vac  '5  ar-p  it-ee  prong  .grnu''dea 
lecei'ac'e  To  »  •  "co'PO'aies  a  OyCu.d  p'or^-oor- 

des  d"  'Oc  .-d  ng  a  ’ll  Vai.— urr  Dui.  •p'ee  eiecrrocle  gas  'uoe 
a-es'e-  and  —fee  vcage  :  a— emg  Mela'  0».ae  Vansio-s 


(MOVsl  The  equipment  lo  be  prblecied  pkiqs  into  the  duplex 
recepiacie  on  ihe  unit  The  existing  cov*.'  piaie  screw  can  be 
used  to  rxjld  the  unit  in  place  by  its  moi.nting  bracXel  When  used 
in  a  double-duplex  branch  receptacle  a  Til  7t200i0t  mounting 
adapter  is  recommended  A  long-iife  piiol  lamp  lights  when  nor¬ 
mal  line  voitaoe  is  present  The  sturdy  gray  melai  enclosure  is 
supplied  with  a  rubber  bumper  tor  proper  positioning  on  Ihe  wall 
Surface  with  a  branch  receptacle 

The  Til  428  IS  recommended  tor  applications  where  prolec- 
tion  from  Ihe  highest  energy  content  surges  on  a  tS  amp  circuit  is 
required 

MOOCL  OftSCRIPnOM 

TI1428  Plug-In  Bdwertme  Protector  120  Vac.  15  amp 


Til  71200101  Mounting  Aciapter 

Weigtit  0  1  02 

Standard  Package  to  Adapters 

Designed  to  assist  m  prov*dir>g  a  more  secure  mounting  when 
msiaHing  Til  .428  Pow-rime  Protector  into  a  double  duplex  branch 
receptacle  The  rrxxintiny  adapter  replaces  me  screw  mat 
secures  me  cover  plate  to  me  duplex  receptacle  and  prevents  the 
receptacle  t'om  recessirtg  into  me  wad  box  once  me  428  is 
installed  c»  removed  Irom  me  wall  oiate 

DCScwn'ON 
Mouni.nc  Aoapte- 


4-25 


atooci 
Til  712001  at 


Specifications 


Rated 

AC 

VoAKWIS) 

» 

DC 

Voti» 

Varitlor 

voRagr 

1  •  10*4.1 

Von* 

Rated  PM* 
•ngtepuiM 

iraneurt  curaant 
Amp» 

RafeO  s.ng.p 

Jou'e^ 

Rated  transvnt 
avera9epo«rM 
dfMipation 

Want 

Maa’fT'u'Ti 

CUimp.r»q 

voftaor 

vo'fs 

Typcat  1 

capacitance  ! 
Pcottfads  ! 

SOS^’1 

iro 

03 

01 

47..15A 

1600  1 

SO'KII 

2S0 

0  7 

025 

39  "5A 

3500  1 

SiOKti 

18 

500 

1  8 

04 

40  "  lOA 

7500 

Smkm 

1000 

3  4 

06 

36.1  10A 

16000  1 

S20*<M 

2000 

1 1 

10 

36.'20A 

37000  ! 

S05k'4 

100 

03 

0  1 

56-5A 

1300 

SC'KM 

250 

08 

025 

47  ./5A 

2600  1 

S' OX  *4 

14 

18- 

22 

500 

2  1 

04 

48.10A 

6000  1 

S*4K  14 

1000 

4  0 

06 

42-  10A 

15000  i 

S?0xM 

2000 

16 

10 

44./20A 

30000  ! 

505-c' 

100 

04 

0.1 

72  ■  5A 

S0"X17 

250 

1  0 

025 

58  "SA 

2000 

S^OX’7 

17 

22 

27 

500 

26 

04 

58-  lOA 

4000  1 

SMr’7 

1000 

50 

06 

52  '  tOA 

10000 

r  r 

, 

' 

2000 

17 

1  0 

54  ./20A 

22000  1 

,S05K?0  , 

100 

0  5 

0  1 

86  "5A 

900  1 

SC'KpO 

250 

2 

025 

70  -5A 

1500  1 

S' OK  20 

20 

27 

33 

500 

32 

04 

70'^  10A 

3000  1 

S'4K20 

1000 

60 

06 

65  •  '  10A 

7500  1 

520x20 

2000 

22 

10 

67  .  20A 

17000  t 

S0fK25 

100 

06 

0  1 

102  5A 

500  1 

S0‘K25 

250 

5 

025 

85  "SA 

1350 

510K25 

2S 

31 

39 

500 

38 

04 

85  '10A 

2600  ! 

SUK25 

1000 

7  2 

06 

75-  'OA 

6500  ! 

S20H25 

' 

2000 

26 

1  0 

80  20A 

15000 

SCeK30 

ICO 

O' 

01 

127  <5A 

450 

SC'K30 

250 

7 

0  25 

100  rSA 

1150 

•  S'0K30 

30 

38 

47 

500 

4  4 

04 

too./  10A 

2200  , 

SMK30 

1000 

68 

06 

90-'  10A 

5500  ; 

S20K30 

2000 

34 

10 

95  '  20A 

13000 

S05K35 

100 

39, 

0.1 

143  ..  5A 

S07K35 

250 

2  1 

025 

120  .'A 

950  1 

S10K35 

3S 

45 

56 

500 

56 

04 

120  -  10A 

ST4K35 

1000 

10 

06 

110"  lOA 

S20K35 

2000 

38 

1.0 

110..- 20A 

11000 

S05K40 

100 

1 

0  1 

175  -SA 

350 

S07K40  , 

250 

25 

0.25 

148  -5A 

700 

StOK40 

40 

56 

68 

500 

66 

0.4 

145"  10A 

1300 

SUK40 

1000 

13 

06 

135  ./10A 

3300 

S20K40 

2000 

46 

1.0 

140  -  20A 

7000 

S05>(W 

400 

1  8 

0.10 

143"  5A 

250 

S07K50 

1200 

67 

025 

132'  /5A 

$50 

S’OKSO 

so 

aa 

8? 

2500 

15 

040 

130  » 10A 

1900 

S14K5C 

4500 

27 

0.60 

125<"  10A 

2900 

S20KM 

6600 

36 

1  00 

125‘"20A 

5500 

SOSK60 

400 

22 

0.10 

172...  5A 

200 

SO’KSO 

1200 

C2 

0.25 

160'"  SA 

500 

S10K60 

ao 

85 

100 

2500 

20 

040 

160<"  10A 

1A00 

S14K60 

4500 

30 

0.60 

15S<"  iOA 

2400 

S20K60 

asoo 

45 

14)0 

155"  20A 

4800 

S05K75 

400 

26 

0.10 

71CVn  5A 

170 

S07K75 

1200 

10 

0.25 

200<"  IOA 

450 

S10K75 

75 

102 

120 

2500 

24 

0.40 

215'"  50A 

11C9 

S14K75 

4500 

38 

080 

200i4'SOA 

1900 

S20K75 

6600 

55 

1.00 

200<"  100A 

3800 

B40K75 

16000 

130 

1.4 

220("  IOOOA 

15000 

S05K95 

400 

32 

0.10 

260-"  5A 

140 

S0'^K95 

1200 

12 

0.2S 

250".  IOA 

950 

S10K95 

as 

127 

150 

2500 

26 

010 

270<"  50A 

900 

S14K95 

1 

4600 

45 

0.60 

250".  50A 

1500 

S20K95 

aeoo 

65 

1.00 

250";  100A 

3000 

505K130 

400 

42 

0.10 

355/"  5A 

80 

S07K1X 

1200 

15 

0^ 

340*"  IOA 

250 

S10K130 

uo 

ITS 

205 

2600 

32 

0.40 

365".  50A 

500 

S14K1X 

4600 

55 

aao 

3401"  50A 

1000 

S20K130 

asoo 

80 

14» 

340-.  100A 

2000 

B32K130 

16000 

200 

120 

350<"300A 

8600 

M0t<130 

aotno 

420 

14 

360<"  IOOOA 

8000 

S0SK140 

400 

4  4 

0-10 

375."  5A 

70 

1  S07K140 

1200 

15 

025 

360".  IOA 

250 

S^OK140 

140 

las 

220 

2600 

36 

0.40 

385  "  50A 

450 

t  S14K140 

4600 

60 

o.ec 

370."  50A 

1000 

S20K140 

6600 

90 

100 

360  ■ 100A 

’S20K  u  witi  tirtthatifxJ  24  VOC  *or  15  minutes 
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ction  of  SVP’s 


.  Litton  Type  SVP  s 


3  to  lower  cost,  2-electroc)e  SVP's 
treferrec  m  most  applications. 
;trode  SVP's  are  used  in  cases 
'ing  symmetric  lines  with  m.etallic 
]es  being  a  particular  critical  fac- 
ecause  an  3  electrodes  of  such  a 
are  inserted  in  a  common  gas 
arge  chamber,  conduction  be- 
1  all  3  e'ectrodes  is  assured  in 
of  a  voltage  transient  in  excess  of 
reakdow'  voltage  of  the  tube. 


treakdown  Voltage 

pplicatic's; 

d  20  percent  safety  factor  fo  max- 
um  DC  suoply  voltage. 

lect  an  SVP  which  has  a  lower  tol- 
ance  lir^  t  of  DC  breakdown 
Itage  greater  than  the  value  deter- 
ned  in  i 

leck  that  extinguishing  criteria  are 
3t. 


Part  Numbar 

D.C. 

Breakdown 

Voltage 

(Volts) 

Impulse  Breakdown 
Voltage 
(Volts) 

DC. 

Holdover 

Voltage 

(Volts) 

Max.  Single 
Impulse 
Discharge 
(K  Amp) 

w/laads 

W.O./l«ads 

lOOVfus 

lOKV/uS 

B1-C75 

75  r  20% 

< 

700 

< 

1000 

>  60 

5 

B1-C90/20 

A1-C90/20 

90i:20% 

< 

700 

< 

1000 

>  60 

.  5 

B1-F90 

90  •  130 

< 

700 

< 

1000 

>  60 

5 

B1-C145 

A1-C145 

145  =  20% 

< 

750 

< 

1100 

>  100 

5 

B1-A230 

A 1 -4230 

230=15% 

< 

750 

< 

1200 

>  130 

C 

B1A350 

A1-A350 

350  =  15% 

< 

750 

< 

1200 

>150 

5 

B2B600 

630=  15% 

< 

1200 

< 

2500 

>180 

5 

B2-H10 

1000  =  20% 

< 

1800 

< 

3000 

5 

B2-H25 

2.5KV  =  20% 

< 

4000 

< 

6000 

25 

•  B2-H45 

4  5KV  =  20% 

< 

5000 

< 

8000 

10  . 

B2-HaOX 

6.4  KV  -  8.8KV 

< 

10000 

< 

12500  • 

1 

B2-H100X 

9KV  mm. 

< 

12000 

< 

14000 

1 

Special  Button  Types  lor  A.C.  Applications 


B1C145 

A1C145 

145  i  20% 

<  750 

<  1100 

5 

S2-B270 

270  =  15% 

<  1000 

<  2000 

5 

B2B470 

A2B470 

■  470  =  15% 

<  1200 

<  2500 

5 

B2BS00 

A2-B800 

800  =  15% 

<  1500 

<  3000 

5 

pplications: 

jitiply  AC  RMS  voltage  by  1.4  to 
tain  peak  voltage. 

Id  20  percent  safety  factor  to  peak 
Itage. 

•lect  an  SVP  which  has  a  lower  tol- 
ance  lir^it  of  DC  breakdown 
Itage  greater  than  the  value  deter- 
ned  in  2 

leck  that  extinguishing  criteria  are 
et. 


inguishing  Criteria 

te  normal  AC  or  DC  operating 
tges  of  a  circuit  may  keep  the  SVP 
3  conducting  mode  after  the 
sage  of  a  transient,  which  can 
It  in  its  destruction  unless  precau- 
s  are  taken, 

)r  AC  applications,  the  AC  follow 
ent  rating  must  not  be  exceeded 
also  Definitions,  para.  9).  In  cases 
re  the  follow  current  would  be 
teded,  a  varistor  should  be  placed 
.eries  with  the  SVP  to  limit  the 
ent. 

or  DC  applications,  if  the  normal 
rating  voltage  across  the  tube  is 
Uer  than  the  glow  voltage  and  *he 
rent  into  the  SVP  while  in  arc 
le  (10-20  volts  across  the  SVP)  does 
exceed  the  values  listed  below,  a 
(tfd.  capacitor  placed  in  parallel 
1  the  tube  will  cause  it  to  extinguish: 

ypes:  1A 

S1  types:  0.5A 

others.  0.2A 

the  DC  current  is  greater  than 
se  values  the  current  must  be 
Tientarily  .nterrupted. 


Common  to  all  types;  Transition  Time:  0  1  ns  typ  Rins^  2  10.C00  megohm 
Capacitance:  1  pF  typ. 


Power  Type  SVP's 


Part  Number 

D.C.  Breekdown 
Voltage 
(Volta) 

Impulse  Breakdown 
Voltage 
(Volts) 

Max.  Single 
Impulse 
Discharge 
(KA) 

Impulse 

Life 

(a  o1  pulses) 

100V(/ja 

IOKVImS 

L2-A230 

230  =  15% 

< 

1100 

<  2000 

20 

>  1000 

L2A350 

350  =  15% 

< 

1300 

<  2000 

20 

>  1000 

L2A600 

600  =  15% 

< 

1400 

<  2500 

20 

>  1000 

S8-C90 

90  =  25% 

< 

750 

<  1200 

20 

>  1500 

S8-C150 

150  i  20% 

< 

750 

<  1200 

20 

>  1500 

V12-H10 

1KV  =  20% 

< 

1800 

<  3000 

20 

V12-H30X 

3KV!?^:t 

< 

»ooo 

<  TOGO 

20 

Communication  Type  SVP’s 


2-electrode  Types 

DC  Brssk- 
down  Voltage 
(Volts) 

Impulse  Breakdown 
Voltage  (Volts) 

DC  Holdovsr 
Vbitsga 
(Volta) 

Msx.  Single 
■mpulse  Disch. 
(K  Amp) 

wheads 

w/o  leads 

lOOV/^sec 

10KVr)isec 

B1-A350 

A1  A350 

350  =  15% 

<  750 

<  1200 

>  150 

5 

A4A230 

230  =  20% 

<  800 

<  1200 

.2.5 

A4A350 

3^  =  20'/ 

<  800 

<  1200 

25 

St  4350 

300  420 

<  750 

<1200 

>  200 

20 

3^l»ctrod«  Typw 

w/teeds 

wfo  Issds 

761-0350 

T60C350 

300-500(L-G) 

<750 

<1200 

>  150 

2x  12 

300-650(LL) 

<  1200 

<1800 

>  300 

N/A 

T1C350 

300-500!L-G) 

<  750 

<1200 

>  150 

2x20 

300-900(L-t) 

<  1200 

<1800 

>  300 

NIA 

imputM 

Lit* 

(•ofptilaM) 

AC 

Otscharge 
Curravil 
(Amp«  rmsi 

AC 

Follow 
Currant 
(Amp*  pkl 

SVP 

Outlino 

Drawing 

(Fig.» 

Dimontion 

•A- 

(Inch**) 

Holder 

Typo 

II  fS 

>  200 

20 

20 

4 

272  i  012 

•>  200 

20 

20 

4 

272  I  012 

A1A1 

11 

•  200 

20 

20 

4 

272  ?  012 

•  200 

20 

35 

4 

276:  012 

A1-A1 

11 

200 

20 

25 

4 

238:  OOe 

AI-AI 

11 

■  200 

20 

25 

4 

236  :  012 

A1A1 

11 

20 

25 

4 

256:  012 

200 

20 

25 

4 

281  :  008 

10 

4 

433  :  02 

0* 

433:  02 

4 

.433  :  02 
455  Max 

-■  200 

20 

35 

4 

276  :  012 

AI-AI 

11 

200 

20 

35 

4 

276  :  020 

■  200 

20 

35 

4 

295  :  012 

A1-A1 

11 

>  20C 

20 

35 

4 

315:  012 

A1-A1 

n 

AC. 

Otscfiarga 
Curroni 
(A.  rmai 

AC  Follow 
Curroni 
(A.  pk) 

Capaeitanco 

(PP) 

SVP 

Oullina 

Drawing 

Coerdinataa 
with  Varistor 
Typ* 

Holder 

Typ* 

Holder 

Outline 

Dwg. 

(Ftg.) 

2C0 

100  ' 

< 

68 

3 

21 -V2 

A2-L1 

10 

200 

100 

< 

45 

3 

21  V2 

A2-L1 

10 

200 

100 

< 

45 

3 

21  V2 

A2-L1 

10 

200 

80 

< 

3 

8 

200 

80 

< 

3 

8 

80 

< 

1  5 

12 

A2-L1 

10 

80 

< 

12 

12 

A2-L1 

10 

Con^mon  to  an  t>pes  above:  Rjns:  *  lO.OOO  megohm 

Transitfon  time.  0  1  fts.  typ. 


AC 

Drscharg* 

Current 

(Arm*) 

Impuis* 

Lit* 

1*  of  put***) 

Insulation 
Aesislanc*. 
(M  Ohm) 

Capacitance 

(pF) 

Transition 
Tima  (typ) 
(U»*e) 

Delay 

Tima 

(U**c) 

OutlinaDwg. 

Holdar 

Typ* 

Holder 

Outline 

Dwg. 

(Flo-) 

20 

>  200 

210,000 

< 

1 

<  0  1 

N/A 

4 

A1-A1 

11 

10 

2  10.000 

< 

1 

<  01 

WA 

5 

A1-A1 

11 

10 

2  10.000 

< 

1 

<  0.1 

N/A 

5 

A1-A1 

11 

1  200 

>  1500 

2  10.000 

< 

3 

<  0.’ 

N/A 

7 

Characteristics  of  the  Different 
Types  of  SVP’s 

Biition  v.  p?  SVP  s  are  compact,  medium 
duty  2  electrode  tubes  which  provide 
adequate  protection  for  most  circuit 
applications.  They  are  readily  mounted 
on  PC  boards.  By  means  of  a  patented 
process,  high  breakdown  speed  is  a 
key  feature.  Buttons  are  the  most 
economical  type  of  SVP. 

Spec;-:  Buttcf'  tvpet  fc:  PC  -r’C.irii 
ttcn.?  undergo  AC  burn-in  in  order  to 
guarantee  good  extinguishing  charac¬ 
teristics  at  high  follow  currents.  This 
feature  makes  them  especially  suit¬ 
able  for  CATV  amplifiers  and  other  ap¬ 
plications  where  AC  voltage  is  present. 

Oov.e-  types  are  maximum  duty  2  elec- 
trode  types  for  applications  where  severe 
current  surges  may  be  expected  such 
as  from  lightning  and  back  EMF  from 
large  motors. 

The  L2-types,  besides  having  high  im¬ 
pulse  current  ratings,  also  have  high 
AC  follow  current  carrying  capability, 
making  them  especially  suitable  tor 
connection  across  AC  power  lines.  If 
the  AC  follow  current  may  possibly  be 
exceed  (due  to  low  AC  source  Im¬ 
pedance),  the  type  Z1-V2  varistor 
should  be  connected  in  series  with  the 
SVP,  as  shown  in  fig.  13  on  page  7  The 
varistor  has  low  impedance  at  voltages 
above  the  breakdown  voltage  of  the 
SVP,  but  higher  impedance  at  lower 
voltages,  such  that  the  follow  current 
is  limit.ed,  thereby  allowing  the  SVP  to 
extinguish. 

Communication  type  SVP  s  have  been 
developed  and  refined  through  ex¬ 
perience  gained  from  actual  use  in 
telecommunications  equipment.  Most 
types  are  designed  to  meet  or  exceed 
the  parameters  specified  in  REA 
Specification  PE-80. 

A  range  of  current  ratings  from  SKA  to 
20KA  is  available.  Selection  criteria 
depend  on  the  level  of  protection  re¬ 
quired,  and  are  often  established  by 
the  end  customer  for  the  equipment. 


2x90 

>  600 

210.000 

22 

<0  1 

<  2 

T60:2T61;1 

N/A 

N/A 

2  10.000 

12 

N/A 

N/A 

2x200 

>  1000 

2  10,000 

3 

<  0.1 

<  3 

6 

T1-A1 

9 

N/A 

N/A 

2  10.000 

2 

N/A 

N/A 

»  =  Soi  Appiicaoie 
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with  the  field-repiaceabie 
Arc-Plug^**  Cartridge 

COJMUWKATIOirS 


Tranil-Trap  Surge  Protectors  are  gas  surge  arresters 
designed  to  protect  sensitive  electronic  equipment 
from  damage  due  to  excess  voltages  or  currents 
generated  by  transient  phenomena  (lightning  or 
static  buUd-up) . 

The  elements  In  the  Arc-Plug*  Cartridge  consist  of 
two  metal  electrodes  hermetically  sealed  In  a 
rugged  gas  filled,  ceramic  cylinder.  They  perform  as 
voltage-dependent  switches  which  can  reliably  and 
repeatedly  carry  large  currents  for  brief  periods  of  time. 
In  operation,  a  sufficient  voltage  across  the  element 
causes  an  arc  to  form  between  the  electrodes,  changing 
Its  Impedance  from  greater  than  10,000  megohms  to  a 
few  mllllohms  In  less  than  100  nanoseconds  time. 

While  conducting  in  the  arc  mode,  the  voltage  across  the 
surge  arrester  is  less  than  30  volts. 

The  life  of  the  Arc-Plug  Cartridge  is  a  function  of  the 
surge  current  amplitude  and  duration  to  which  the  device 
Is  subjected.  Transients  are  by  their  very  nature 
unpredictable  in  magnitude  and  energy  level. 

Life  may  be  many  hundreds  of  operations,  depending 
on  surge  current  wave  shape. 

After  a  sufficient  number  of  bghtnlng  pulses  have  been 
discharged  through  the  Arc-Plug  Cartridge,  there 
Is  a  gradual  lowering  of  breakdown  voltage  and  insulation 
resistance.  Therefore,  Arc-Plug  Cartridge  replacement  Is 
Indicated  by  an  Increase  In  VSWR  during  transmitter 
tune-up,  or  by  a  "dead"  receiver  caused  by  an  extremely 
strong  near-mlss  lightning  discharge  shorting  the 
Arc-Plug  Cartridge.  In  this  case,  the  short  continues  to 
protect  the  equipment  until  cleared. 


♦  IMPORTANT— Road  before  installing!  # 


INSTALLATION  INFORMATION 


install  at  rear; 

Alpha  Delta  Transl-Trap  Surge  Protectors  are  deslnned 
for  Installation  at  the  rear  of  the  equipment. 

Note:  Any  model  must  be  placed  at  a  point  In  the  coax 
line  where  the  VSWR  does  not  exceed  2: 1  to  prevent 
high  R.F.  voltages  from  triggering  the  units.  If 
outdoor  use  is  planned.  It  Is  necessaiTr  to  coat 
thoroughly  all  surfaces  (after  attaching  coax  and 
ground  wire)  with  a  good  sealer /protector. 

2.  Ground  system: 

The  unique  Isolated  ground  system  of  Transl-Trap  Surge 
Protectors  permits  direct  earth  connection  while  preventing 
arc  energy  from  being  coupled  to  the  equipment  chassis 
through  the  coax  shields .  Lab  tests  show  this  method  to  be 

Test  results:  OPERATIONAL  AND 

The  level  of  protection  provided  by  Transl-Trap 
Protectors  is  remarkable,  and  our  lab  tests  show  out¬ 
standing  state-of-the-art  performance.  By  using  a 
special  wave  front  generator,  simulating  fast  rise  time 
lightning- type  pulses  of  up  to  10  kilovolts,  we  have 
observed  the  perfor.mance  of  Transl-Trap  Protectors 
with  semiconductors  commonly  used  in  solid  state 
receivers  and  transceivers.  Our  own  experience  In  the 
communications  Industry  has  shown  that  s.ome  of  the 
devices  most  sensitive  to  lightning-induced  surges  are 
certain  PIN  dxxies,  Including  the  higher  voltage  types 
•^"■‘ently  used  In  the  industry.  These  devices  are  known 
.;-_je  even  more  sensitive  than  many  MOSFETs  and  bipolar 
slstors  In  typical  use. 

connecting  this  type  of  PIN  diode  directly  to  the 
output  of  the  wave  front  generator,  with  no  protection, 
the  Induced  pulse  will  "blow"  the  diode  Into  a  dead  short. 

It  should  be  noted  that  many  PIN  diodes  fall  In  equipment 
when  much  lower-level  surges  cause  them  to  become 
merely  "leaky". 


best  for  overall  protection.  For  the  system  to  work.  It  is 
absolutely  necessary  to  attach  a  direct  earth  ground  wire 
to  the  nut  and  washers  on  the  Arc-Plug  Cartridge.  (A 
cold  water  pipe  cbnne-tlon  is  suitable  If  its  ground  pxSth  is 
not  too  long  or  circuitous.)  The  surge  protectors  will  not 
function  without  this  connection  as  there  is  no  other 
return  path  for  the  arc  energy. 

For  itaxlmum  protection,  ground  the  antenna  coax  shield 
to  an  earth  ground  at  the  point  of  entry  to  the  building. 
This  Is  Important  since  a  closer  near-mlss  can  cause  a 
high  Induced  voltage  on  the  sfiield.  Also,  attach  an  earth 
ground  to  the  chassis  of  the  station  equipment.  Bot^  of 
these  suggestions  follow  good  engineering  practice, 
regardless  of  the  type  of  protector  In  use. 

TEST  INFORMATION 

When  the  Transl-Trap  Protector  la  inserted  between 
the  generator  and  the  PIN  diode.  In  a  typical  SO  ohm 
coaxial  configuration,  the  diodes  survive  repeated 
pulses  without  failure.  Other  receiver-type  components 
show  the  same  remarkable  results. 

Nearby  or  distent  lightning  surges: 

Since  many  equipment  failures  occur  as  a  result  of 
lightning -Induced  surges  from  distant  storm  fronts  and 
'  near-misses,  the  operator  wfl!  find  a  new  dimension  of 
protection  with  the  use  of  Alpha  Delta  Transl-Trap 
Surge  Protectors. 

Lightning-Induced  surges  (transients)  have  unpredictable 
energy  content,  time  duration,  and  ramp  speed  (wave 
front)  characteristics.  For  that  reason,  these  protectors 
are  not  guaranteed  to  protect  against  direct  strokes. 

Also,  certain  semiconductors  are  beyond  the  protection 
of  these  devices  For  example,  some  exotic  MOS  IC 
memory  devices  are  so  sensitive  that  the  discharge 
caused  by  the  simple  touch  of  a  finger  wUl  destroy  them. 


Arc-Plug*  Cartridge. 
Attach  ground  wire 
here.  (Do  not  kiosen 
botton  nut.) 


emove  cartridge, 
_..«crew  plastic  body 
completely  until  entire 
assembly  is  free  from 
chassis. 


Since  It  makes  an  internal, 
solderless.  press  jre-flt 
connection,  a  replacement 
Arc-Plug  Cartridge  is 
installed  by  screwing  it 
into  the  same  threaded 
hole.  Do  not  cross¬ 
thread  or  over-tlghten. 
Tighten  only  until  you 
'feel*  the  connection. 


k-T,  MV 


Either  connector  can  be 
used  for  input  or  output. 


i 


(Low  Level  Models 
fire  at  the  lowest 
lightning  pulse 
level,  providing 
maximum 

ntectlon.  Tor 
0  iivers  and 
~  scelvers . 

.  chart.) 


Arc-Plug 
Cartridge. 
Attach  ground 
wire  here.  (Do 
not  loosen  the 
nut  that  is 
touching  the 
body.) 


LT,  HT 


INSTALLATION  INFORMATION 


MODELS  AVAILABLE;  (with  UHF  connectors) 

Transl-Trap  Models  R-T  (  LT 

Low  Level  Protector  —  for  use  with  solid  state 
receivers,  transce'  ’ers  or  transmitters  running 
up  to  200  watts  output  at  50  ohms. 

Model  LT  to  148  MHz.  Model  li-T  to  500  MHz 

Transi-Trap  Models  HV  t  HT 

High  Voltage  Protector  —  for  use  with  amplifiers 
running  up  to  2kW  output  at  50  ohms. 

Model  HT  to  148  MHz,  Model  HV  to  500  MHz 

The  Models  R-T  and  HV  Protector  series  are 
special  low  loss  (typ.  0.1  dB  at  500  MHz.) 
models  for  use  through  VHP /UHF. 

Replacement  Arc-Plug  Cartridges 

For  ModeU  R-T  t  LT  and  for  Models  HV  (  HT. 

Mote:  Models  R-T  and  HV  are  also  available 
with  *N*  type  connectors.  These  are  Models 
R-T/N  and  HV/N. 

Models  available  with  BNC  connectors  on 
special  order. 


Special  shock  absorber 
for  excellent  mechanical  shock  and 
vibration  protection. 


Warranty 

S«0«r  ••rranu  that  aach  unit  add  la  manufacturad  in 
aeeordanca  with  aaUar't  apaclflcationa.  drawtngn. 
aaaplaa  or  data  In  affact  on  tha  data  of  racalpt  of  tha 
ordar.  aa  thay  apply  to  thoaa  paru  callad  for  on  tha 
ordar.  and  that  aach  unit  la  (raa  froiB  dafacta  in 
■atarla)  and  workmanahtp. 

SaOar'B  UabUity  undar  thla  warranty  la  hnltad  to  tha 
rapalr  or  raplacwant  of  any  unit  which  provaa  to  ba 
dafactlva  In  MifprUl  or  workmanahlp  undar  norma!  uaa 
and  aarviea  provk5ad  tha  unit  la  ratumad  to  tha  Alpha 
Daita  ahlppino  point  (or  authcrltad  dutnbutor  if 
purchaaad  throuoh  t)^  aourca)  within  ona  yaar  from 
data  of  thlptoant,  lutd  will  in  no  caaa  ba  raaponatbla  for 
apacial  or  oonaaquantla!  damaoaa  including  but  not  by 
way  ot  limltatjcm,  coat  or  ramoval  of  units  froai  or 
ralnatallaUon  in  aoulpa»ant. 

Thla  warranty  la  In  Uau  of  all  othar  t*arrantiaa 
txpraasad  or  lapUad . 


SpactficationB,  avail^iblllty  and  pricas  ara  sublact  to  changa  without  nottea. 


sUTION:  Each  Arc'Plug  Cartridga  ha*  baen  selected  and  screened 
for  correct  pulse  breakdown  and  rf  characteristics  for  each  model. 
Replace  only  wjth  proper  Arc*Plgg  (romMphe  Delta  Communication*. 

Alpha  Delta  Transs-Trap  Protect«5n  Systems  are  designed  ic  reduce 
the  hajards  o!  lightning-induced  surges  The*»  devices-  however, 
will  not  f  revent  fire  or  damage  causird  by  a  direct  stroke  to  an 
antenna  or  other  structure. 


OEM  AC  POWER  LI^JE  PROTECTORS 

Patent  Panding 

General  Semiconductor  Industries.  Inc.  has  devel-  world.  TransZorb  transient  suppressors  can  be  found 
oped  a  family  of  120  VAC  power  line  protectors  speci-  in  equipment  manufactured  for  aerospace,  telecom- 
fically  for  the  OEM  user.  These  employ  solid  state  munications.  computer,  instrumentation,  and  military 
TransZorb*  technology,  which  has  proven  to  be  the  applications.  Now  this  same  technology  is  available 
most  effective  for  protecting  electronic  equipment  for  OEM  120  VAC  power  line  protection  to  IEEE  587 
against  over-voltage  transients.  Throughout  the  standards. 

PROTECTION  FEATURES 

•  Solid  State  TransZorb*  Technology  •  Survives  Multiple  IEEE  587  Transients 

•  Meets  IEEE  Std.  587-1980  Categories  A  and  B  •  Low  Clamping  Voltage 

•  Sub-nanosecond  Response  Time  •  Protects  400  V  Rated  Solid  Sttle  Components 

•  No  Voltage  Overshoot  •  Differential  and  Comrnon  Mode  Protection 

•  Meets  lEC  664  Clearance  and  Creepage  Standards  •  Short  Circuit  Failure  Mode 


SPECIFICATIONS  @  2  5°  C 

Operating  Line  Voltage  130  VAC  Max 
Maximum  Line  Current  587B051,  SA 
587B1S1.  ISA 
S87B201.  2GA 

MAXIMUM  RATINGS 

•Transient  Voltage  6000V 
'Transient  Current  3000ApMk 

Storage  and  Operating  Case 
Temperature  (Measured  at 
center  of  mounting  surface)  O’  to  85° C 

Current  Leakage  at  120  VAC 

Line  to  Neutral:  I.OmA 
Neutral  to  Ground:  O.SmA 

■PvM  gcnarator  output  <■  pot  lObfc  SIO  Mr-iaM  Cotogory  S  'M  A. 


RESPONSE  TO  TRANSIENT  VOLTa  S 


Clamping 

Test  Conditions 

PROTECTION 

MODE 

MAXIMUM 

clamping 

voltage 

OPEN 
CIRCUIT 
VOLTAGE 
12  X  50us 

SHORT 
CIRCUIT 
C'JRRENT 
e  X  20us 

DIFFERENTIAL 
(Line  to  Neutral) 

29SV 

350V 

<  < 

500A 

3000A 

COMMON 

(Neutral  to  Ground) ) 

500V 

esov 

1000V 

6000V 

50QA 

3000A 

FIGURE  3a 

No  Protection 


TransZorbe 

Protected 


The  above  phototgraphs  show  the  typical  clamp¬ 
ing  action  of  a  15  amp  module.  A  12  ohm  resistor, 
used  to  represent  the  equipment  load  for  a  10A 
current,  is  subjected  to  IEEE  STD.  587— Category 
B  test  conditions  (6000V,  3000A)  Figure  3a  con- 


FIGURE  3b  500 

TransZorb* 

Protected 

300 

>  200 
too 
0 

0  10  203040508070 

Tirnifr— US 

trasts  the  transient  effects  cn  eauipment  with  and 
without  the  protector.  Figure  3b  expands  ♦he 
vertical  scale  to  better  exhibit  the  protector's  low 
clamping  voltage 
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587B  PROTECTOR 


ON  OFF 
neutral 


FUSE 


IB' 

igum 

iPnnrwi 

Lac _ 

GROUND 


CHASIS 


ELECTRONIC 

CIRCUITS 


ELECTRONIC  SYSTEM 

nOURC  4— Typtcjl  ImtaUallon 


This  family  of  quality  AC  power  line  protectois 
offers  a  high  degree  of  protection  against  120VAC 
line  noise  and  transients.  It  is  ideal  for  protecting 
400V  rated  solid  state  components  because 
TransZorb  technology  assures  that  line-to*neutral 
voltages  will  not  exceed  350  volts. 

For  maximum  effectiveness,  the  protector 
should  be  installed  directly  after  che  AC  line  on/off 
switch  and  fuse  This  will  protect  the  electronics 
from  the  AC  line  switch  arcing  and  the  severe 
transient  caused  by  a  fuse  clearing. 

Some  heat  is  produced  when  operating  at  full 
rated  current  toad,  and  heat  sinking  rhay  be  re¬ 
quired  to  maintain  case  temperature  below  85®C. 
Case  temperature  is  measured  at  the  center  of 
the  mounting  surface.  The  ur.it  should  not  be 
mounted  to  a  low  combustion  temperature  mate¬ 
rial  such  as  wood. 


High  energy  transients  will  cause  a  large  circu¬ 
lating  current  in  the  AC  input  line.  (2500A  is 
possible')  To  prevent  electromagnetic  coupling, 
the  AC  line  on  the  input  side  of  the  protector  must 
be  dressed  away  from  other  wiring,  and  magnetic 
shielding  may  be  required.  Also,  the  electrical 
wall  outlet  must  be  connected  to  a  low  impedance 
earth  ground 

While  the  modules  are  designed  for  transient 
voltage  protection,  the  advanced  circuitry  (patent 
pending)  will  also  attenuate  the  amplitude 
and  slow  the  rate  of  rise  of  high  frequency  line 
noise.  If  required,  improved  damping  can  be 
achieved  by  adding  an  external  R-C  network 
between  the  line-out  and  neutral  terminals.  A 
62  ohm  resistor  in  series  with  a  (XSfjF,  400  volt 
capacitor  is  suggested. 


AlHiBlSlWirii  lUlftAtiTAAiiinS'Wrini 


CASE  OUTLINE 


Includes  Wiring  Hardware 
2  nuts  and  2  washers  per 
terminal 


2  Mounting  Holes 
Clearance  For  a8  Screw 
0  169"  Prom  Dia. 


Ut  .  OIVc."' 


.<•  ■ 


PART 

NUMBER 

MAX  LINE 

CURRENT 

CASE  (INCHES) 

CASE  (CENTIMETERS) 

WEIGHT 

GRAMS 

TERMINAL 

THREADS 

A 

B 

C 

D 

A 

B 

C 

-  0 

5878051 

5  Amps 

20 

20 

2  5 

30 

5  08 

508 

6  35 

762 

250 

»8-32 

587B1S1 

15  Amps 

30 

2  0 

35 

40 

7  62 

5  08 

8  89 

10  16 

50-' 

»8-32 

587B201 

20  Amps 

30 

30 

35 

4  0 

7  62 

7  62 

889 

10  16 

750 

*10-32 

1=  ^ 


k.- 
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«Qu»«l  n  CB«iP«irr 


FtATURCS 


•  ISBOwaWi  AmIi  Autx  »o«Kr 


•  A«ailaM«lnran0Mffa«iS.Oto4S 


•  TrBtwtBwtpfOWatowtefCWOt, 
HOS.  SIPOLAA.  tCs.  (TTL.CCU>TU 
ttn.  and  U>«Mr  FuncMont). 

•  Loa  damping  (aclor 

•  Cacti  dMiealOOStMtod 


APPLICATION 


a  pramium  tana*  ol  trantant  voittg* 
tiiPfMataort  (pacifically  dao^nap  and 
tatlad  to  protact  Bipolar  MOS  and 
Schoitky  improvad  mtadratad  circuita 
from  afactrKal  ditiurOancaa  Tran- 
dantt  and  noiaa  polaas  ara  ganaratad 
by  aiactromacrianical  taitcning  clac- 
Iromagnatic  coupling,  capacitiva  or  in- 
ductiva  load  twitcning.  noitaga  ravar- 
taia.  and  aiactroatatic  diacnarga. 


MAXIMUM  RATINOS 


a  1S00  Want  of  Paaii  Puiia  Powar  dis¬ 
sipation  at  25" C  (sea  deralng  curve) 
a  *11  j  ,  (0  volts  10  8V  min)  Unipolar 
Less  man  t  s  to  ”  second.  Sidiraction- 
al.  Less  ttvan  5  i  (O'*  second 

*  Operating  and  Storage  temperatures 
-65*  to  -175*C 

•  forward  Surge  rating  half  cycle 
200amps  1120  second  at2S*C 

'J  v"  dBiM  pr  >m>a. 

a  Steady  State  power  dissipation  SOW 
at  Ti  =  75"  C.  Lead  Length  =  3i8'' 
a  Repetition  rate  iduty  cycia)  05% 


MCCHANICAL  CHARACTERISTICS 


e  Molded  Case 

a  Weight  i  5  grams  (apprommate) 
e  Positive  terminal  marked  with  aand 
tencept  Bidirectional  types) 
e  Body  marked  with  Logo  .*,  and 
type  number 


OCSCRIPDON 


The  Trans^orb  is  dasirad  over  a 
crowbar  circuit  a  LC  or  RC  natwork 
and  a  catch  or  clamping  diode,  ba- 
causa  of  'awer  components,  speed  of 
response  high  power  or  energy  ab¬ 
sorption  arid  low  clamping  factor 
Providing  protection  tor  the  most 
popular  IC  voltage  levels  these  de¬ 
vices  are  available  for  either  unidirec¬ 
tional  or  bidirectional  applications 
These  devices  are  designed  lo  dissi¬ 
pate  1S00  warts  of  peak  puise  power 
for  1  millisecond 


ELECTRICAL  CHARACTERISTICS 


Cnmpmg  Factor  i  33  ai  full  rated  power 
f  20  at  SOS  rated  power 

C'wr't.'e  r.ctor  r.* -.tioo'm.iciijev-.ci.'.Of.s 
Vona^vi  to  8V  ‘  Von«9«i  m 

Of'  •  so*C''<  aMwc* 


CASE  1 


/ 


/ 


1  -40  Oetelisd  Data  Stieet  Aveilabte 


^-35 


W-.  .n, 


k  y  w  ,  ,  T  , 


•'ll  '  V»V  »  ia  'f 
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«0U>«1  n  COMWMW 


^  *»*  ;  I 


KATUWtS _ 

•  1  SCO  want  Peak  PutM^owar 
dtaatpalton 

a  AaallaMaatranyaalromS.SIolTO 
veMt 

a  teweapaoRanoa  ac  PpnalpaotaeMoii 
a  EacRaaatcaiOO^laalad 


_ MAKIMUM  RATINGS _ 

•  '500*iatiso'P#a«  Po»afai»- 
ppatxy'it  25*  C  { Mt  dariting  curva) 

•  '.a»>«t0vOitsio6V mini  Lau 
man  5 1  ’  0  ■*  lacona  i  inaofaiicai  l 

•  ODaratingandSio.-iQatampara- 
turas  -«•  IO-17S*C 

•  StaadyStatai>owa'di*sic)ation  S  OW 
at  T,  =  75 'C  Laad  uangtn  =  3- 8' 

•  PapaMionraiata'jtycrciar  OSS 


MtCMANICAL  CHAWACTEWISTICS 
a  ‘‘j  ate  Casa 

a  wa'gnt  i  5  g'ams  (aooro«im*tei 
a  Sc  anty  Band  to  Be  on  ina  cainoda 
a"d  o<  me  TransZo'B 
a  Body  ms'sed  with  Logo  •!•  ana 
tyoa  n(jmce» 


tueCTWICAL  CMAWACTtSISTlCS 

Oamoing  Facto'  t  40  at  tuii  raiao  oo«ar 
t  30  at  SOS  'atao  oowtr 

■'sx*  tV-OO# *1  ■CyM'»prf»g 
•  's**«9v  Bttwooai^^  m 

;r’  a 


••oa*  1wt«'  9  t«»  in  Tr»fH2«K© 

OO^'*  OW«»#''i*Ofw»»d 


_ application _ 

Tmt  tpaciiicaiion  thaat  Oalmat  a 
iiatiaa  ol  io«i-capacitanca  silicon  Iran- 
swnt  suppratsors  lor  iBa  protection  ol 
ac  signal  hna  Tius  senas  employs  a 
standard  TrartsZorb*  in  sanes  with  a 
ractiliar  «nm  the  same  transient  capa- 
biiitias  as  tna  Trans2o'P  The  ractiliar 
IS  also  used  to  reduce  me  allactiva 
capaciunca  up  niru  lOOMHi  with  a 
minimum  amount  ol  signal  loss  or  da- 
lormation  The  low-capactanca 
TransZort)  may  Da  applied  directly 
across  the  signal  line  lo  prevent  in¬ 
duced  transients  Irom  lightntng.  power 
miarruptions.  or  static  discharge 


_ OCSCWIPTIOW _ 

Oasigrtad  lor  commercial  apoiica- 
lions  this  sar^  otters  pricing  advan¬ 
tages  They  Have  the  same  charactens- 
tics  as  the  s'-tndard  TransZorb.  mat  is. 
high  surge  capability  and  axtrematy 
last  rasporiM  time  if  bipolar  transient 
capability  -k  raguired  two  low-capaci- 
tanca  TransZortos  must  be  used  in 
parallel  opposite  m  polarity  tor  com- 
ptata  ac  protection  For  additional  re¬ 
duction  in  capacitance,  ihasa  units  can 
be  used  m  conjunction  with  a  bridge 
network  This  will  allow  a  lower  capa¬ 
citance  with  no  change  m  pack  pulaa 
power  capability  of  tSOO  wans 


MOtf  OverCM  >««<«(  M  t. 
t«ae  m 

*Or  *C  Lr»Nr  ^owetiOFt 


SCHEMATIC 
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tounat  n  cawwiwT 


•  7,500  and'  1S.000  watt* *  Paak  Pulaa 
Powardtealpatlon 

a  AaaOaOta  In  ranoat  lorn  1.410500 
votta 

a  Datignad  tor  Mtlllary  (PHP  lanaa)  t 
andcommarctal  (PIPaartai) 
a  ULPacognUad(  at  PtPl20) 
a  CacndavicalOOSlaalad 


MAXIMUM  RATINGS 


•  7  500  ana  15.000  wans  PaaK  Pui»e 
power  dissipation  at  the  i  msec  pulse 
and  25*  C  I  see  derating  curve) 
a  Operating  and  Storage  tempera¬ 
tures  -65*  to  -  175°C 
a  Average  Steady  Slate  power  dissipa¬ 
tion  at  50*C  7  5  watts 
a  !.«■»-.  lO  volts  to  BV)  Less  than 
'  «  lO"*  seconds 


MECHANICAL  CHARACTERISTICS 


a  Molded  Case 

a  Weight  40  grams  (aoprovimale) 
a  Bipolar  lor  AC  Applications 
a  Body  marked  with  Logo  «'«  and 
type  number 


t  Military  Applications  PWp  SERIES 
Modules  can  nave  design  consistency 
with  the  toHowing  military  reduireh 
menis  iS  controlling  specifications 

•  MIL-STO-1399  •MIL-E-16400 

•  MIL-STO-704  •  MIL-S-'9500  507 


APPDCATION 


PhP ’PIP  serias  IS  designed  for  appli¬ 
cations  requiring  "across-tne-line '  AC 
powpr  protectron  These  TransZorpe 
modules  are  used  m  applications 
where  eulrema  voltage  transients  can 
permanently  dari.age  voltage  ser  .itive 
systems  or  components  These  de¬ 
vices  are  most  olten  used  when  dis¬ 
crete  TransZort>$  do  not  have  high 
enough  power  requirements  to  sup-, 
press  large  power  surges 


DESCRIPTION 


TransZoro  modules  can  be  used  to 
protect  equipment  from  induced  light¬ 
ning  power  surges  and  Iransientr  ori¬ 
ginating  from  inductive  switching  or 
power  interrupt  The  modules  have 
been  successfully  used  lor  hoth  com¬ 
mercial  and  military  applications,  in¬ 
cluding  telecommunications,  aircraft, 
shipboard,  central  office  switching  and 
PABX  CATV  distribution,  computers, 
distributed  data  processing,  and  pow¬ 
er  supplies 

For  military  applications,  the  PHP 
module  sub-assembiies  are  packaged 
in  a  hermeticalty.sealed  giass-io- metal 
package  Also  available  screened  m 
accordance  with  MIL-S- ’9500/507 
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IMLITAliy  APPLICATIONS;  PHP  uriM  sub-tas«mbl>«*  ara  packagaO  m  a  har- 
maiicaiiy  saaiad  giaas-lo-malal  packaga.  availabia  with  pasign  conaisiancy  to 
MIL-S- 19500/507 

COMMENCIAL  APPLICATIONS:  PIP  atriaa  auO-aaaantbliaa  ara  packagad  in  a 
moiOad  apoiy  caM 


General 

^  SeipJconductor 
^  •  lndi*5tries,  Inc.  gQU««l  n  COMX»»«V 


MAXIMUM  RATINOS 


•  StMdy  State  Power  l  Watt  at  50*  C. 

•  '.ari.r,  (O.volU  to  BV  mm)  Less 
man  1  *  10"*  second  (theoretical) 

e  Operating  and  Storage  tempera¬ 
tures:  -65*  to  +150*  C 

•  Surge.  30  Amps.  8.4  msec 

too  Amps.  1  0  rrisec 
(capecitance.  decay  to  50%) 


MECHANICAL  CHARACTEHISUCS 


a  Molded  case 
e  Soiderabie  leads 
a  Body  marked  with  Logo  and 
type  number 


APPLICATION 


The  GHV  senes  devices  are  silicon 
transient  voluge  suppressors  de¬ 
signed  tor  protection  against  large 
voltage  transients  on  sigrtal  lines  They 
are  low  caoacitance.  low  noise  devicos 
which  can  be  used  directly  across  the 
input  o<  analog  arnl  digital  circuitry 
wim  minimum  aignal  loaa. 

Their  small  size  and  high  surge  cur¬ 
rent  capability  make  mem  ideal  sup¬ 
pressors  lor  ieiephone  and  CATV  re¬ 
peaters.  replacing  typical  varistor 
series  “strings"  which  consume  much 
needed  space.  The  device  has  been 
proven  ettectiis  in  lightning  environ¬ 
ments 


oEscnipnoN 


The  GHV  ser'ss  products  combines 
me  technology  ol  forward  biased  P-N 
junction  varistor,  stacked  to  provide 


DESCRIPTION  CONTD 


symmetrical  voltage  characteristics 
pi  a  non-biased  resistor  An  additional 
feature  ol  this  method  ol  manufactured 
low  voltage  protection,  is  the  reduction 
ol  capacitance  lor  low  voltage  signal 
lino  protection. 
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General 

^  Semiconductor 
yf.  •  Industries,  Inc. 


MAXIMUM  BATIHGS 


•  SMady  State  Power  1  Watt  at  50*  C 

•  tiujripn,  (0  volts  to  OV  min)*  Less 
than  1  X  tp"*  second  (theoretical) 

e  Operating  and  Storage  tempera¬ 
tures:  -65*  to  +1V5*C 
e  Surgs  30  Amps.  8.4  msec  at  25*  C. 
70  Amps.  1.0  msec  at  25*  C. 


DESCBIPTION  CONrO 


diodes.  They  are  packed  in  a  plastic 
ancapsulated  material  exhibiting  ex¬ 
ceptional  durability  and  reliability. 

GSV  devices  are  designed  tor  con¬ 
trolled  protection  at  various  current 
levels  in  addition  to  the  peak  pulse 
current  rating  of  70  amps. 


MECHANICAL  CHARACTERISTICS 


e  Molded  Case 
e  Bidirectional 
e  Body  marked  with  Logo 
type  number 


and 


APPLICATION 


These  varistors  consist  of  two 
matched  silicon  (unctions  connected 
in  parallel  and  opposite  in  polarity 
They  are  designed  to  replace  copper 
oxide  varistors  in  telephone  equipment 
and  lor  numerous  applications  range- 
ing  from  Iractional  vjiiage  regulators, 
negative  temperature  coefficient  resis¬ 
tors.  signal  limiters  and  expandors  and 
meter  protection.  The  GSV  vanstors 
are  packed  in  a  plastic  encapsulated 
material.  Higher  voltage  devices  are 
also  available  from  the  factory.  They 
are  ideal  for  rener  diode  compensation 
meter/gaivanometer  protection, 
threshold  limiters  and  wave  shaping. 


DESCRIPTION 


The  term  varistor  defines  a  voltage 
resistor  that  is  symmetrical.  The  GSV 
varistor  is  a  PN  junction  device  em¬ 
ploying  a  pair  of  parallel-connected, 
matched,  oppositely-poled,  silicon 


FIGUee  1— AiiW««l  TtOipwvtur*  Co.it*clv«t 
at  Venae.  «a  VaOalac  Cunanl 
lOoeoMi 
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The  Fru'ts  Of  Our  Labor 

A  bushel  of  surge  protection  products  tor  every  need. 

All  are  UL  pending  and  CSA  listed  ard  contain  solid  state 
circuit  technology  Two  LEO  lights  are  your  visual  assurance 
that  full  protection  is  provided  The  reo  light  indicates 
normal  mode  or  line  to  line  protection  while  the  green  I'ght 
indicates  common  mode  or  ground  protection  is  being 
provided.  When  on.  they  indicate  that  the  unit  is 
functioning  properly. 


The  LEMON'"  and  EC-1'” 

AC  Surge  Protector 


•  Forward  surge  rating  at 

2  5’C — 1  *40  Amps  for 
1/120  sec. 

•  Peak  pulse  power 

dissipation  at  25’C — 

10  800W  for  one  ms 

•  Steady  state  heat  dissipation 

at25”C-40W 

•  Clamping  voltage— line  to 

line  (no'^mal  mode) 
ground  (common  morfe) 


•  Duty  cycle—  01  %  at  abcvi; 

rating 

•  Clamping  response  hire 

5  nanoseconds 
(5x  10  ’sec.) 

•  Dielectric  test— 3CX)0  VAf 

60  sec 

•  Operating  terr.perature — 

-40“':  to  +75“C 

•  16  Amp,  1 25  VAC 

•  6  outlets 


The  PEACH'-  and  EC-IV’“ 

EMI-RF!  Filtered 
AC  Surge  Protector 

•  Fofward  surge  rating  at  •  Dielectric  test— 3000  VAC 

25“C— 1440  Amps  tor  60  sec 

1'120sec  •  Operating  temperature— 

•  Peak  pulse  power  40°C  to  75°C 

dissipation  at  25' C  —  •  15  Amp,  125  VAC. 

lO.SOOW  for  one  ms  1875  Watts 

•  Clamping  voltage —line  to  •  Mode  no'se  protection- 

line  (normal  mode)  normal  and  common 

ground  (common  model  •  Noise  reiection — frequency 

•  Duty  cycle- 01%  at  above  150)CHZ-30MHZ 

rating  ,  •  Attenuation— 5db  37db 

•  Clamping  response  time  continuous  duty 

5  nanoseconds  •  3  outlets 

(5x10  ’sec  ) 
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ARCHER’  ACCESSORIES  FOR  HOfi^E  OR  WORKSHOP 


vottago  spike  Protector 
With  Status  indicator  Ught 


Noise  Fitter/vottage  Spike  Protecter 


7®* 

■  Quanta  Against  Brtaf  HIgivVottaga 
Surgaa  In  Elactrtcai  SyiMnM 
a  Protacta  Etactnmlc  Componanta 

Act!  as  safety  valve  by  absorbing  damaging 
Mgh-voltage  trartsients  without  interfenng 
with  normal  current  fk>w.  Easy  to  use.  no 
wiring  necessary,  lust  plug  It  In.  Buib-in  light 
Indicatas  protecnon  circuit  is  hmctloning 
property.  Rated  15  amps.  U.L.  listed. 
«-27*1  . 7.«» 


219S 

a  ktaal  for  Expanaiva  Audio,  VIdao 
and  Computer  Systama 
a  Plugs  Into  Existing  Ground^ 
ACOutlat 

Quards  sensitive  equipment  from  line  noise 
and  haimful  tpikas.  Toroid  coil  filter  protects 
Msctronic  equipment  from  noise  in  0.5  to  5 
MHz  range,  and  prevents  equipment¬ 
generated  noise  from  entering  line.  MOV 
spike  protecter  absorbs  power  surges  that 
coUd  damage  ICs:  Neon  indicator  snows  ail 
cacuirs  funcborung.  Three-wira.  Ratad  tOA  at 
tZOVAC.  U.L  listad.  SV27as  . 21.95 

- - - ^ - p. - 
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SECION  5 

Test  Photographs 


Large  Putser  Trigger  Circuitry  and  Variator  in  Teat  Configuration 
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Smalt  Pulsar  in  Configuration  to  Taka  Rafaranca  Pulaa  for  AC 

Powar  Suppraaaion  Taat 


Copper  Suifata  Resistors  -  50  Ohma 
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TRANSIENT  THREAT  TESTING  OF 
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OVERVIEW 


There  exists  a  generally  recognized  need  for  transient 
protection  of  all  communication  equipment  deemed  essential  to 
carrying  out  the  command  and  control  function  of  the  government 
in  any  natural  or  man-made  disaster.  While  existing  government 
programs  have  addressed  the  protection  problem  for  government 
owned  equipment,  only  limited  organized  effort  has  been  made  to 
protect  privately  owned  radio  equipment  which  could  be  pressed 
into  such  emergency  service.  This  program  has  initiated  the 
definition  of  survivability  procedures  and  inexpensive  transient 
protection  packages  suitable  for  use  by  radio  amateurs  in 
protecting  their  equipment  against  fast-rising  pulses,  and  tested 
the  suitability  of  package  components.  This  phase  of  the  test 
program  should  demonstrate  that  the  procedures  and  protection 
pact  ages  will  reduce  the  chance  of  equipment  failure  under 
transient  threat.  Sixteen  standard  radio  station  conT i qurat i ons 
will  be  tested,  with  and  without  protection,,  by  exposure  to  fast- 
risinq  pulses,  and  the  results  of  testing  reported. 

BACKGROUND 

With  the  increasing  incorporation  of  minature  solid  state 
devices  in  commercial  radio  equipment  used  by  the  American  radio 
amateur,  the  vul nerabi 1 i ty  of  the  equipment  to  such  fast-rising 
transients  as  EMP  has  also  increased.  An  earlier  phase  of  this 
test  program  was  conducted  to  "qualify"  an  inexpensive  selection 
of  transient  protective  devices  for  use  in  protection  packages  by 
rxadio  amateurs,  with  specific  pacliaqes  to  be  designed  and  tested 
in  this  phase  of  the  program. 

Several  EMF'  test  and  assessment  programs  conducted  by  the 
government  have  enabled  reasonable  bounds  to  be  assigned  to 
currents  and  voltages  generated  as  a  result  of  exposure  of 
typical  radio  antennas  and  power  lines  to  simulated  or  calculated 
EMP.  Use  of  these  bounding  values,  appropriately  scaled  to  the 
threat  field  chosen  for  this  program,  will  enable  substitution  of 
directlv  iniected  transients  into  the  equipment  ports  instead  of 
requiring  the  entire  station  configuration  to  be  placed  within 
the  simulated  threat  field.  The  actual  volume  of  the  test 
simulation  will  then  be  reduced  to  a  size  convenient  for  indoor 
testing. 

In  this  phase  of  the  program,  survivability  recommendat i ons 
and  protection  packages  are  being  considered  for  sixteen  amateur 
radio  conf i qur ati ons,  including  both  tube-type  and  solid-state  HF 
station  equipment.  hand-held  transceivers,  and  satellite 
transceivers.  Criteria  for"  selection  of  devices  for  the  paciaqes 
include  price,  qualification  against  a  simulated  EMP  through  an 
earlier  phase  cf  this  test  program,  and  suitability  for  the 
requi r  ed  app 1  i  i ,a t i on .  If  the  recommended  procedures  and 
assembled  protection  paclages  can  be  proven  effective  by  testing 
ir  a  e  I  mu  1  a  te?d  EMP  field,  then  the  benefits  of  their  use  by  the 
amateur  radio  communitv  can  be  easily  demonstrated. 
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CONCEPT 


The  planned  concept  -for  this  phase  of  the  test  program  was 
previously  developed, 

Si>:teen  standard  configurations  will  be  subjected  to 
transient  threat  fields  of  25  and  50  kilovolts  per  meter  to 
determine: 

a)  susceptibility  of  the  equipment  to  the  fields  in  an 
unwired  and  switched  "off"  mode. 

b)  susceptibility  of  the  equipment  to  the  fields  vjith 
interconnecting  wiring  in  place,  but  still  switched  "off". 

c)  susceptibility  of  the  equipment  to  the  fields  with 
interconnecting  wiring  in  place  and  equipment  switched  "on,"  but 
no  eiiternal  peripheral  devices  attached. 

d)  susceptibility  of  the  equipment  to  the  fields  with 
all'  wiring  and  peripherals  in  place  and  protected  by  transient 
protection  packages,  equipment  switched  "on,"  and  e.-.’ternal 
connection  ports  driven  by  injected  signal  appropriate  to  the 
threat  level,  with  equipment  orientation  varied  within  the  field, 

e)  susceptibility  of  the  equipment  to  the  fields  with 
all  wiring  and  peripherals  in  place  and  not  protected  at,  all, 
equipment  switched  "on,"  and  e>:ter.ial  connection  ports  driven  by 
injected  signal  appropriate  to  the  threat  level. 

A  standard  objective  test  is  described  to  determine  that  a 
system  remains  functional  during  all  aspects  of  testing. 
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THREAT  DEFINITION 

Field  Requirement: 

Other  than  the  case  ot  a  direct  lightning  stroke,  EMP  is 
generally  considered  a  more  stringent  threat  to  electrical 
systems  than  lightning.  Consequently,  the  verification  test 
fields  must  rise  to  full  strength  in  fewer  than  10  nanoseconds 
and  decay  exponentially  in  about  one  microsecond.  Theoretical 
current  peaks  in  excess  of  thousands  of  amperes  have  been 
predicted  as  response  to  EMP.  Similarly,  voltages  may  reach 
hundreds  of  kilovolts.  Expected  values  for  injection  into  the 
systems  under  test  will  be  scaled  in  proportion  to  the  expected 
field  levels  and  practical  limitations  imposed  by  the  typical 
amateur  station.  Testing  will  be  conducted  at  the  expected  threat 
level  for  eaCh  configuration- 

The  maximum  electric  field  level  expected  from  transients  in 
this  program  has  been  established  as  fifty  kilovolts  per  meter. 
Using  the  free  space  relationship  between  electric  and  magnetic 
fields  would  require  a  corresponding  magnetic  field  of  133  amps 
per  meter.  Either  quantity,  electric  or  magnetic  field,  may  be 
utilized  to  determine  field  acceptability. 

Injection  Limitations: 

Normal  coaxial  cables  available  to  amateur  station  operators 
are  limited  in  voltage  handling  capacity  by  their  dielectric 
breakdown  levels  in  the  insulation  and  by  air  gaps  in  connectors. 
DC  strikeover  in  the  range  of  4  to  6  kilovolts  is  conside*ed 
normal  performance  for  such  cables,  and  will  be  verified  for  the 
radio  equipment  under  test.  In  the  case  of  fast  rising  pulses, 
the  strikeover  values  will  be  higher,  but  it  is  considered  highly 
unlikely  that  voltages  in  excess  of  twice  the  DC  strikeover  could 
be  delivered  through  normal  cables.  Therefore,  injection  pulses 
for  coax  connectors  on  the  equipment  will  be  designed  to  exceed 
twelve  kilovolts  <240  amperes  into  a  50  ohm  load)  at  the  antenna 
end  before  any  installed  protection  as  a  practical  worst  case. 

In  a  similar  manner,  residential  wiring  practices  and 
circuit  branch  panels  impose  a  practical  limit  on  the  response  of 
AC  power  wiring  to  a  transient  pulse.  It  has  been  predicted  by 
Boeing  Aerospace  C.ompany  that  six  kilovolts  is  a 

reasonable  worst  case  for  an  ENP  transient  through  military 
branch,  circuits.  Because  a  50  ohm  impedance  to  high  frequency 
cu’^rent  is  considered  reasonable  in  the  AC  power  system,  an 
injection  pulse  of  120  amperes  is  considered  suf f i c i ent , to  impose 
a  practical  transient  threat  to  a  home  radio  station  power 
sv=tem. 

Each  protection  configuration  will  be  subjected  to  more 
than  one  pulse  at  the  maximum  determined  levels,  in  order  to 
ensure  that  protection  is  not  circumvented  by  the  first  threat 
t.’^  ansi  ent  received.  When  it  is  apparent  that  damage  to  the  radio 
equipment  has  been  caused  by  the  transient,  that  equipment  and 
anv  similar  equipment  will  be  immediately  withdrawn  from  testing 
until  suitable  protective  devices  have  been  installed. 
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Injection  P'ulse  Sources 

The  previously  defined  stress  pulses  for  injection  into 
equipment  configurations  before  protection  may  be  obtained  ,  by 
utilisation  of  a  suitabl"*  pickup  antenna  within  the  test  volume. 
The  injection  pulses  will  be  verified  to  ensure  their  magnitude 
and  rise  time  are  within  criteria  for  EMP  transient  response  and 
the  practical  limitations  previously  cited.  Actual  home  radio 
station  antennas  are  available  in  the  test  program  for  insertion 
in  the  test  volume.  Output  from  these,  if  sufficient  in 
magnitude,  may  he  used  as  one  or  more  of  the  injection  pulses. 

EQUIPMENT  CONFIGURATION 

Each  radio  system  under  test  will  be  configured  in  a 
realistic  manner  with  a  simple  antenna  and  power  supply 
connection.  There  i s  no  assurance  that  a  typical  amateur  radio 
station  will  receive  any  inherent  el ectr magneti c  shielding  from 
the  building  structure,  so  these  tests  will  be  conducted  with  the 
radio  equipment  exposed  to  the  full  field  unless  it  is  determined 
that  shielding  is  required  as  part  of  the  protection  package. 
Maximum  electrical  stress  of  the  equipment  will  occur  when 
differential  voltages  rise  between  components  witnin  each 
circuit.  Such  differential  voltages  are  maximized  when  the 
equipment  chassis  is  held  at  or  near  ground  potential  while  the 
transient  is  imposed  on  the  circuit.  This  effect  will  be  ensured 
by  locating  the  equipment  under  test  directly  on  the  metal  floor 
(ground  plane)  of  the  simulator,  with  a  low  impedance  ground 
strap  connecting  eacfi  chassis  to  the  ground  plane. 

Connection  of  AC  power  will  be  by  means  of  "he  standard 
cords  supplied  by  the  radio  manufacturer  to  a  circuit 
distribution  box  within  the  test  volume.  AC  oower  for  the 
radio  equipment  may  be  totally  isolated  from  that  supplying  the 
simulation  Apparatus  to  minimize  undesireable  effects  on  test 
instrumentation.  If  the  radio  power  is  isolated,  both  the 
neutral  (white)  and  the  safety  ground  (green)  wire  must  be 
connected  to  the  simulator  ground  plane  at  the  circuit 
d  i  s  cr  i  but  i  (jn  box.  This  grounding  is  done  to  ensure  maxitnLim 
poteni'.ia]  difference  between  the  hot  (blac):)  lead  and  any  other 
point  witruin  the  circuit  under  test.  Because  of  such  grounding, 
the  power"  injection  pulse  will  be  imposed  only  on  the  hot  wire, 
but  e-.ery  protective  power  device  validated  under  test  must 
contain  a  circuit  providing  equivalent  protection  between  neutral 
and  cjround  to  that  provided  between  hot  and  ground. 

Connection  of  DC  power  will  be  achieved  by  utilization  of  a 
six  foot  cord  provided  by  the  manufacturer  connected  to  a  fully 
.charged  automobile  battery  within  the  test  volume.  Mo  additional 
signal  will  be  injected  onto  the  DC  power  sLtpply  other  than  its 
response  to  the  actual  simulator  field. 

Handheld  units  with  self-contained  power  supplies  will  be 
tested  within  the?  simulator  isolated  from  any  conductors. 
Surviving  units  may  also  tie  tested  in  a  ch.arqing  mode,  powered 
from  the  AC  power  source  previously  described.  with  injection  of 
tj'ie  p(a'-ier  transient  into  the  AC  t'ermin.al  of  ttie  charger. 
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EQUIPMENT  CALIBRATION 


Baseline  Testing; 

One  o-f  the  m.-^st  important  aspects  of  this  test  program  is 
the  determination  o-f  acceptable  performance  by  each  of  the 
amateur  radio  systems  under  test.  Depending  on  its  utilisation 
in  the  radio  system,  a  specific  item  of  equipment  could  require 
differing  power  levels  or  sensitivities.  For  the  purposes  of 
this  testing,  therefore,  an  objective  measurement  series  will  be 
used  to  characterize  the  performance  of  each  item  of  radio 
equipment.  A  measurement  of  output  power  (in  watts)  into  a  dummy 
load  will  be  made  for  every  band  of  each  tr  ansmii  tt  i  ng  device.  A 
sensitivity  measurement  tor  each  receiver  wi 1 "  be  accomplished  by 
determining  the  input  signal  required  (in  de  ibels)  to  obtain  a 
calibrated  signal  strength  as  measured  by  the  receiver’s  signal 
meter.  Manv  of  the  systems  under  test  have  special  features  for 
ease  of  operation;  these  features  will  not  be  measured  unlesis 
their  absence  severely  limits  the  utility  of  the  equi  prrient . 

This  series  of  baseline  measurements  will  be  recorded  for 
^ach  of  the  sixteen  amateur  radio  svstems  at  the  test  site  before 
anv  testing  begins,  and  completely  repeated  after  any  transient 
pulsing  of  the  system.  Narrative  comiments  will  discuss  any 
significant  failures  of  system  features  which  are  observed. 

Determination  of  Failure; 

Equipment  will  not  be  removed,  from  the  test  series  unless  it 
1=  considered  totally  incapable  of  performing  its  designed 
function.  Such  equipment  will  be  immediately  delivered  to  a 
reoair  facility  to  determine  and  replace  the  failed  components, 
and  suitable  protection  provided  for  those  components  before 
fur  then  tesfing  of  that  equipment.  In  cases  where  the  system 
(.(Oder  test  is  merely  degraded  in  performance,.  the  test  series 
will  be  continued  unless  the  test  engineers  determine  that 
repairs  are  required  before  proceeding  in  order  to  preserve  test 
1  n  t  e  a  r  1  f  /  . 

S'stem  Lpset  is  defined  as  a  temporary  malfunction  of  the 
s  vsteF'  which  mav  require  operator  intervention  before  the  svstem 
-an  funcliftn  again,  e.g.  cvclit-ig  the  power  switch  to  restore 
meoor  .  tc  a  microcf  ip.  System  ups(?t  which  can  be  easily  overcome 
bv  an  amateur  operator  wi  thouit  any  physical  repair  will  not  be 
r eg ,-ir ded  as  a  s.'sten-i  failure. 


DATA  ORBANIZATION 

Fqu  1  r.'tier  t  Control: 

It  IS  imperative  that  the  various  systems  under  test  be 
:;ar(3-fuM  /  inventoried  and  managed'  to  ensure  thatt  each  transient 
e  por-ure  anci  its  effect  are  proper  1  y  recorded. 
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Reporting  Requirement's: 

Field  strength  measurements  will  be  required  -for  every 
transient  pulse  imposed  on  equipment.  Atter  calibration  of  the 
■field,  a  single  scope  photograph  of  the  field  sensor  response  of 
every  pulse,  suitably  annotated,  will  suffice  for  this 
requirement i 

When  determining  the  magnitude  of  currents  or  voltages  for 
injection  pulses  or  antenna  responses,  the  field  sensor  response 
will  be  simultaneously  recorded  to  ensure  that  pulser  output  was 
of  the  intende^d  magnitude. 

Baseline  results  will  ,be  recorded  in  a  standardized  format 
for  each  system,  with  frequencies  qhosen  to  adequatel y  represent 
each  band  available  while,  allowing  efficient  completion  of  the 
intermediate  baseline  testing.  Narrative  comments  of 
observations  during  each  level  of  testing  will  be  recorded  botti 
in  the  test  log  and  on  the  baseline  measurement  sheets. 

Sequt?nce  of  Testing: 

Testing  will  be  performed  in  the  sequence  listed  in  the 
Concept  section  of  this  plan.  If  systems  reach  the  final  test 
phase  (full  field  without  protection),  care  will  be  talen  to 
ensure  that  failure  of  a  single  peripheral  will  not  eliminate  a 
particular  sys't'em  from  further  testing.  Any  systems  which  appear 
to  sur'vive  the  full  field  without  protection  will  be  tested  under 
load  as  a  complete,  powered  system  (either  AC  generator  or  DC 
battery)  within  the  test  volume. 

Final  Report: 

A  final  report  will  be  prepared  which  contains  the  data 
previously  described,  and  provides  a  narrative  char acter i z at i on 
of  the  results  of  the  test  program  for  each  system,  including  its 
observed  susceptibility,  and  the  effect  of  protective  devices  and 
procedures.  A  complete  description  of  applicable  protection  will 
be  included  in  the  report. 


TEST  PR06RAN  COORDINATION 
Labor  ate  r  v  Responsibi 1 i ty: 

Lab  scientists  of  IRT  Corporation  will  have  sole 
r esf  DOS  1 b i 1 i t y  for  operation  of  the  transient  pulse  sources  and 
data  recorders  in  a  manner  which  provides  maximum  safety  for 
personnel  and  qovernnient  property  not  under  test,  including 
pre-vioi'slv  recorded  test  data. 

Rep, a  1  Faci  1  1  t  v  : 

Fepr  esent  a  1 1  ves  of  ESI  will  be  responsi  bl  e  for  obtairung  .any 
nesds'd  -epaire  to  s-ystems  under  test  in  a  timel'/  fastaon.  When 
'•erj,airy  are  made,  thev  will  be  documented  thoroughly  for- 
1  r.'  in  the  f  i  n.i.  I  .  r  epor  t  of  testing. 
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TEST  PROGRAM  COORDINATION  (continued): 

Program  Engi neer (s) : 

Program  engineers  representing  Electrospace  Systems, 
Incorporated  will  assist  the  Lab  Scientists  in  conducting  the 
test  program,  including  management  o-f  the  eguipment  inventory  and 
preparation  qT  systems  for  testing-  These  personnel  Sre 
responsible  for  baseline  testing  and  review  of  results  to 
determine  additional  tests  required,  with  appropriate  guidance 
from  IRT  scientists-  Program  engineers  shall  arrange  for  custody 
and  tr anspor t at  1  on  of  test  materials  owned  by  the  government,  ESI 
cr  its  other-  contractor s,  and  for  obtaining  and  safeguarding 
unclassified  test  data.  No  classified  information  will  be 
uti lined  or  generated  by  this  program. 
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YAESU  FP-757HD 
HEAVY  DUTY  POWER  SUPPLY 


FOR  THE  FT-757GX  HF  TRANSCEIVER 
(ALSO  FT-180.  FT-180A,  FT-77,  FT-707) 

^  The  FP  757HD  is  an  external  AC  power  supply  and  speaker  for  use  vyith  the  FT-757GX  and  other  HF 

transceivers  requiring  13  5  VDC  at  up  to  20  amperes  for  extended  periods. 

Excellent  regulation  and  conservative  design  assure  the  owner  of  many  years  of  trouble-free  operation, 
j  even  in  heavy  duty  applications,  such  as  full  power  AM.  FM  or  RTTY  transmission  A  therinally- 

switched  cooling  fan  automatically  activates  during  long  penods  of  high  current  demand,  to  maintain 
safe  operating  temperature  in  the  power  supply. 

SPECIFICATIONS 

Output  voltage:  ,  13.5  VDC 

Output  current;  20  amps  extended  duty  cycle  (30  minutes  on/30  minutes  ofO 
Ambient  temperature:  0*  to  +40*C 

,  Input  voltage;  100/1  lO/l  17/200/220/234  VAC.  50/60  Hz 

I  Case  dimensions;  93(H)  X  240{W)  X  235(D)  mm 

Weight;  Approx.  6  9  kg 

Speaker  putput;  3  watts  at  4  ohms 

j  INSTALLATION 

Before  connecting  the  FP-757HD  to  any  power  source,  be  absolutely  certain  that  the  voltage  specifi¬ 
cation  on  the  rear  panel  matches  your  local  supply  voltage.  The  FP-757HD  is  manufactured  for  use 
around  the  world,  from  a  variety  of  AC  power  sources,  and  the  power  transformer  primary  must  be 
connecied  properly  as  shown  on  the  reverse  side  of  this  page  to  prevent  damage  to  the  internal  circUity. 

Also,  be  absolutely  certain  to  use  a  fuse  of  the  proper  rating.  For  100/1 10/117  VAC.  use  only  a 
6-amp  fuse  For  20C/220/234  VAC.  use  only  a  3-amp  fuse. 
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FT-757GX 
HF  ALL  MODE 

Computer  Aided  Transceiver 


GENERAL  DESCRIPTION 

The  FT-'^57GX  incorporates  the  finest  feanires  of  the  latest  developments  in  Amateur 
transceiver  design,  with  the  most  recent  advances  in  microprocessor  technology  and 
computer-aided  manufacturing  techniques,  to  provide  full  performance  all  mode  operation 
as  standard  on  all  HF  amateur  bands,  as  well  as  continuous  general  coverage  reception  from 
C.5  to  30  MHz. 

Yaesu’s  famous  IF  Shift/Width  passband  control  system  allows  the  operator  an  almost 
infinite  variety  of  selectivity  settings  for  minimizing  interference  during  SSB.  C^^  and 
ECSS  reception  of  AM  signals  Wideband  .AM  and  narrowband  CW  filters  are  also  included 
-  as  standard  accessones.  A  swiichaWe  RF  amplifier  and  20  dB  attenuator  are  provided  to 
optimize  sensitivity  and  dynamic  range  under  any  conditions,  while  the  noise  blanker  has 
its  own  AGC  adjustable  from  the  front  panel,  from  narrow  (ignition-type)  to  wide  (wood¬ 
pecker)  blanking  pulse  widths. 

The  diecast  top  half  of  the  FT-757GX  provides  a  glimpse  of  the  revolutionary  engineering 
concepts  behind  the  unique  transmitter  design,  which  utilizes  a  new  Duct  Flow  Cooling 
system  to  force  air  throughout  the  entire  transceiver.  The  thermodynamic  efficiency  of 
this  sytem  makes  the  FT-757GX  by  far  the  smallest  transceiver  of  its  kind,  yet  easily 
capable  of  full  power  ( 100  W  output  nominal)  RTTY  and  FM  transmission  when  used  with 
an  appropriate  heavy  duty  power  supply. 

The  FT-757GX  offers  full  break-in  QSK  CW  operation  plus  Yaesu’s  new  custom-designed 
iambic  electronic  keyer  with  dot  memory  using  a  4-bit  microprocessor  built  in,  as  a  stand¬ 
ard  feature.  When  operating  split-frequency  QSK,  the  FT-757GX  provides  an  automatic 
momentary  check  of  the  transmitting  frequency  before  jumping  to  the  receive  frequency, 
so  the  operator  can  watch  both  frequencies  for  activity  at  the  same  time. 


For  SSB  and  AM  signal  punch,  the  AF  speech  processor  circuit  in  the  FT-757GX  is  a 
combination  AF  clipper  and  compressor  designed  to  provide  the  optimum  possible  increase 
in  average  speech  power  with  minimum  distortion  of  the  signal.  Careful  filtering  before  the 
modulator  assures  clean  output,  with  a  substantial  increase  in  average  power. 

The  completely  new  dual  PLL  synthesis  scheme  provides  tuning  steps  of  10  Hz,  incorpo¬ 
rating  an  8-bit  microprocessor  which  the  operator  controls  from  the  tuning  knob,  optional 
scanning  microphone  buttons  or  external  home  computer  (via  the  CAT  System  optional 
Interface  Unit).  Front  panel  keys  and  buttons  are  also  provided  for  accessing  and  inter¬ 
changing  eight  memory  channels  plus  two  VFOs  (A/B)  and  a  clarifier  with  unlimited 
frequency  range,  as  well  as  the  PMS  (Programmable  Memory  Scan)  system,  which  allows 
automatic  scanning  between,  two  memory  channel  frequencies  with  auto  stop  on  those 
above  a  preset  signal  level.  All  of  these  features  can  also  be  controlled  through  the  CAT 
system.  An  internal  lithium  battery  provides  complete  backup  for  the  memories  and 
VFOs,  for  5  years  or  more. 

The  three  internal  microprocessors  perform  many  of  the  functions  that  previously  re¬ 
quired  large  numbers  of  discrete  components  and  controls,  so  that  the  simplicity  of  the 
FT-757GX.  inside  and  out.  belies  the  highly  advanced  features  available  to  the  operator. 
The  CAD/CAM  systems  used  to  lay  out  and  assemble  the  circuit  boards  provides  a  clean, 
orderly  design  that  is  uncluttered  and  easy  to  service,  while  reducing  the  possibility  of 
human  assembly  errors  to  almost  nil 

Optional  accessories  include  your  choice  of  the  MMBS  Desktop  Scanning  microphone 
or  MH-1B8  Handy  Scanning  microphone.  Also.  Yaesu  has  designed  the  FC-757AT  Fully 
Automatic  Antenna  Tuner  to  match  the  FT-757GX  perfectly  in  all  respects.  Incorpora¬ 
ting  its  own  microprocessor  and  lithium-backed  memory,  the  FC-757AT  can  quickly  tune 
your  antenna  system  for  minimum  SWR  at  the  transmitting  frequency  with  just  the  touch 
of  a  button,  and  then  store  the  settings  in  memory  for  almost  instant  recall  at  a  later 
time  The  FC-757AT  accepts  two  antennas  -  or  as  many  as  five  when  used  with  the 
FAS-I-4R  Remote  Antenna  Selector. 

Special  high  duty-cycle  power  supplies  designed  for  the  FT-757GX  include  the  ultra¬ 
compact  FP-757GX  Switching  Power  Supply  and  the  FP-757HD  Heavy  Duty  Series 
Regulator  Power  Supply  with  forced-air  cooling  and  automatic  thermal  fan  ctxitrol.  For 
li^t-duty  applications,  the  FP-7()0  standard  power  supply  may  be  used. 

Please  read  this  manual  carefully  to  obtain  optimum  performance  and  enjoyment  from 
the  FT-757GX. 


FT-757GX  Duct  Flow  Cooling  System 


TRANSMITTER 


SPECIFICATIONS 


^■requency  range: 

160  m  band  K5  to  1.99999  MHz 

80  m  band  3.5  to  3.99999  MHz 

40  m  band  7.0  to  7.49999  MHz 

30  m  band  10.0  to  10.49999  MHz 

20  m  band  14.0  to  14.49999  MHz 

1 7  tn  band  1 8.0  to  1 8.49999  MHz 

15m  band  21.0  to  21.49999  MHz 

1 2  m  band  24.5  to  24.99999  MHz 

1 0  m  band  28.0  to  29.99999  MHz 

Tuning  $tep». 

10  Hz  and  500  kHz  (band  step) 

Emission  types: 

LSB,  USB  (A3J/J3E*).  CW  (Al/AI  A*). 

AM  (A3/A3E*).  FM  (F3/G3E*) 

•  New  emission  designation  per  WARC  ’79 

Power  output: 

SSB.  CW.FM  100W(PEP/IX:)w/slight- 

ly  less  on  10  m 
.  AM  25  W  (Carrier) 

(.airier  suppression: 

better  than  40  dB  below  peak  output 

Unwanted  sideband  suppression: 

better  than  SO  dB  below  peak  output 
( 1  kHz  tone) 

Spurious  radiation: 

better  than  50  dB  below  peak  output 

Audio  response: 

less  than  -6  dB  from  300  -  3090  Hz 

3rd  order  intermodulation  distortion: 

better  than -35  dB  below  peak  output 
(14  MHz.  100  W) 

Frequency  stability: 

better  than  ±  1 0  ppm  from  0  -  40‘’C  after 
15  min  warm  up 

'■  ‘  lodulation  type: 

A3J:  Balanced  Modulator 

A3:  Low  Level  Modulator 

F3:  Variable  Reactance  Modulator 


Maximum  FM  deviation: 

±5  kHz 

Output  impedance: 

50  ohms  (nominal),  unbalanced 

Microphone  impedance: 

Low  (5(X)  to  600  ohms) 


RECEIVER 
Frequency  range: 

500  kHz  to  29.99999  MHz  (continuous) 

Circuit  type: 

Triple  conversion  superheterodyne 

Clarifier  range: 

Unlimited 

Sensitivity: 

(CW,  SSB  and  AM  figures  measured  for  10  dB 
S+N/N) 

•1.5-30  MHz  ••500  kHz- 1.5  MHz 
SSB.  C^V(W),  FSK 

•better  than  0.25  pV  ••better  than  2.0  pV 
CW(N) 

•better  than  0.16  pV  ••better  than  1.25  pV 

AM 

•better  than  1 .0  pV  ••better  than  8.0  pV 
FM 

better  than  0.6  pV  for  12  dB  SINAD 

Intermediate  frequencies: 

1st  IF;  47.060  MHz 

2nd  IF:  8.215  MHz 

3rd  IF:  455  kHz 

FMIF:  455  kHz 

Image  rejection: 

better  than  70  dB 

IF  rejection: 

better  than  70  dB  for  all  frequencies 
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SPECIFICATIONS 


MATCHING  SECTION 

Frequency  range  (TX,  w/auto  band  select): 

1.8-  2.0  MHz 
3.5-  4.0  MHz 
7.0-  7.5  MHz 
10.0 -10  5  MHz, 

14.0-  14.5  MHz 
18  0  -  18.5  MHz 
21.0 -  21.5  MHz 
24  5  -  25.0  MHz 
28.0  -  29.9  MHz 

Input  impedance: 

5on 


POWER  REQUIREMENTS 

Supply  voltage: 

13.5V  DC±10% 

Current: 

300  mA  max. 

(400  mA  w/FAS-MR) 

Size: 

(W)  238  x(H)94x(D)  241  mm 

Weight: 

Approximately  3.7  kg 


Output  impedance  range: 

10  -  2500 

25  -  lOOn  (1.8  -  2.0  MHz) 


SpcciTicatioiu  tubicci  to  change  without  notice  of  oMigxtion 


Supplied  Accessories 


Maximum  RF  power:  Connection  Cable  A  (T9100160A)  1 

I50W  5D-2V  Coax  w/type  M  connectors 

Connection  Cable  B  (T9015099)  1 

Insertion  loss:  Control  Cable  C  for  FT-7S7GX  (T9 1 01 292)  1 

less  than  0  5  dB 

Optional  Accessories 

Motor  stop  SWR: 

1 . 5 : 1  or  better  Control  Cable  for  FT-980  (D400(X)14)  1 

FAS- MR  Remote  Antenna  Selector  I 

SWR  meter  scale  range:  (D3{XX)198) 

11  -  3:1 


In-line  power  meter  ranges: 
1 5W.  1 50W  f/s 


Cibt*  A 


DUMMY  LOAD 

Inqiedance: 

50n 

Power  dissipation: 

ICXIWCW  (less  than  30  sec.) 


©  0 


FT-726R 

ALL  MODE  TRIBANDER 


GENERAL  DESCRIPTION 

"Tie  FT-726^v  ir.  d^igntd  for  the  V  UHF  amateur  operator  who  requires  ever>  conceivable  operating  feature 
rtecessarv  for  unlimited  single  and  multi-band  all  mode  operation  with  one  convenient  package.  Inter¬ 
changeable  plug-in  RF  modules  for  each  band  allow  the  operator  to  install  the  bands  of  his  choice.  Each 
module  provides  10  watts  of  RF  output  in  all  modes,  and  up  to  three  modules  can  be  installed  at  one  time, 
pother  modules  can  be  installed  or  exchanged  in  a  matter  of  minutes,  and  each  includes  a  connector  for 
ontrolling  an  external  RF  power  amplifier. 

A  new  degree  of  operating  flexibility  is  made  possible  by  a  custom  designed  8-bit  NMOS  microprocessor, 
coupled  with  a  careful  combination  of  front  panel  key  buttons  and  controls  that  allows  straightforward 
convenience  even  for  the  most  exotic  types  of  operation,  such  as  reverse  odd  shift  repeater  testing  or  full 
duplex  crossband  splits  for  amateur  satellite  QSOs. 

Snvcial  features  are  provided  for  each  mode  of  operation,  such  as  a  discriminator  center  tuning  rneter  and 
independent  channel  step  tuning  knob  for  FM.  IF  shift  and  width  controls  for  OA’  and  SSB.  an  AF  SSB 
speech  processor,  and  provision  for  an  optional  narrow  CW  filter  AM  modes  can  be  tuned  or  scanned  in 
20  H:  steps,  and  both  the  tuning  knobs  and  scanning  system  have  selectable  tuning  rates. 

All  of  the  features  that  are  considered  extras  on  monoband  transceivers  arc  included,  such  as  priority  channel 
checking,  programmable  repeater  shift,  programmable  limited  band  scanning,  eleven  memories  storing  both 
frequency  and  mode,  memory  scanning,  and  lithium  memory  backup  retaining  the  memories.  VFOs. 
programmed  odd  shift  and  clarifier  offset. 

In  addition  to  the  shifi  width  system,  other  functions  previously  unavailable  except  on  HF  transceivers 
include  selectable  AGC  rates.  RF  gain  control,  fully  independent  multimode,  multiband  dual  VFOs.  and 
memory  clarifier  with  separate  display.  Yaesu's  unique  dual  multimeter  system  is  include  for  expanded 
.-r,  monitoring  capability  in  both  transmit  and  receive,  or  lull  duplex. 

N' 

)ptions  include  th  Satellite  IF  Unit.  600  Flz  CW  narrow  filter,  DC  cable  for  13.5V  mobile  or  emergency 
operation,  and  a  growing  selection  of  RF  modules  for  various  bands. 

Please  study  this  manual  carefully  in  order  to  become  familiar  with  the  many  convenient  features  and 


SPECIFICATIONS 


GENERAL 

Frequency  coverage: 

50  -  53.99998  MHz  (option) 

•-  144  -  145.99998  MHz  or 

144  -  147.99998  MHz 
450  -  439.99998  MHz  (option) 

440  -  449.99998  MHz  (option) 

Frequency  steps: 

:0  200  Hz  for  SSB  CW'FM 

5  1 0  kHz  or  12.5 '25  kHz  for  FM-CH  mode 
(per  local  requirements! 

Repeater  shifts; 

r!  MHz  for  50  MHz 
rt'OO  kHz  for  144  MHz 
e  5  MHz.  1 1  b  MHz  or  ±7.6  MHz  for  430  MHz 
'Programmable  repeater  shift  also  included) 

Operating  modes: 

1  SB,  LSB,  OV.  FM 

Pos»er  requirements; 

1 00.  1 1 0.  1 1 7.  200.  220.  or  234  VAC 
-  50  60  Hz 

or  13  8  VDC  (w  optional  cable) 

PoVfcer  consumption: 

»'  Receive:  45  VA  (.-vC),  1 .5  A  (DC) 

Transmit:  120  VA(  AC). 

4  5  A(DC)for  lOW  RF 

Dimensions: 

334  (W)x  129  (H)x  315(D)  mm 
Height. 

Approx  1 1  kg 

(w  o  optional  modules.  Satellite  Unit) 

TRANSMITTER 
Power  input; 

6  m  ;  20  W  PEP  DC  for  1 0  W  out 

2  m  :  30  W  PEP;  DC  for  1 0  W  out 

70  cm  :  30  W  PEP,  DC  for  10  W  out 

Carrier  suppression; 

Better  than  40  dB 

Spurious  radiation: 

Better  than  -60  dB 
7\-  Unwanted  sideband  suppression: 

Better  than  40  dB 

Transmitter  audio  response; 

300-2,700  Hz  at  -6dB  (SSB) 

Maximum  deviation: 


Modulation  types: 

A3J  :  Balanced  modulator 

F3  :  Variable  reactance  modulator 

Frequency  stability: 

6  m  :  Better  than  ±  1 0  ppm 

2  m  ;  Better  than  ±10  ppm 

70  cm  :  Better  than  ±5  ppm 
Microphone  impedance: 

500-600  ohms 
Tone  call  frequency: 

1.800  Hz  or  1,750  Hz 
(per  local  requirements) 

RECEIVER 

Sensitivities: 

6  m  SSB  ;  Less  than  0.1 5  pV  for  10  dB 
{S+N)/N 

2  m  SSB  :  Less  than  0.15  pV  for  10  dB 
(S+N)/N 

70  cm  SSB  ;  Less  than  0. 1 5  p  V  for  1  2  dB 
(S+N)/N 

6  m  FM  ;  Less  than  0.25  p  V  for  1  2  dB 
SINAD 

2  m  FM  :  Less  than  0.25  p  V  for  1 2  dB 
SINAD 

70  cm  FM  :  Less  than  0.20  pV  for  12  dB 
SINAD 

(CW  sensitivity  is  same  as  SSB  if  the  optional 
CA'  filter  is  not  installed) 

Selectivity  (-6  dB/-60  dB); 

SSB  ;  2.4  kHz/4  0  kHz  (adjusts  continuously 
from  1.2  kHz  to  2.4  kHz  at  -6dB) 

.  600Hz'1.2  kHz 
(with  optional  OV  filter) 

FM  :15kHz/30kHz 

(CW  selectivity  is  same  as  SSB  if  the  optional 
CW  filter  is  not  installed) 

Image  rejection: 

Bet’er  than  60  dB 
AF  oetput; 

1.5  W  min.  (?  8  ohms,  \07c  THD 
AF  output  impedance: 

4-16  ohms 
IF  frequencies; 

10.810MHz 
10.7.50  MHz 
455  kHz 

67.6!  5  MHz  (70  cm  units  only) 


.II,  ,  ETM  , 


V-V.-TTaX'.VvA/. 


GENERAL 

Frequency  Coverage 

Ham  Band  1.8  MHz-  2.0MHe 
3.45MHz  '  4.1MHz 
6.95MHz  -  7.5MHz 
9  95MHz  -  10  5MHz 
13.95MHz  ~  14.5MHz 
17.95MHz  '  18  5MHz 
20.95MHz  -  21.5MHz 
24  45MHz  -  2,5  1MHz 
27  95MHz  '  30  OMHz 
General  Cover  (Receive  Only! 

0  1MHz  ~  30.0MHz 

Thirty  1MHz  Segments  (or  Continuous) 

R IT. /, IT  Coverage  ±1  OKHz 
Frequency  Control  ■ 

CPU  based  lOHz  step  Digital  PLL  synthesizer. 
Independent  Transrnit-Receive  Frequency  Availablt; 
Frequency  Readout; 

6  digit  lOOHz  readout 
Frequency  Stability 

Less  than  iSOOHz  after  switch  on  1  mm  to  60  mins,  and 
less  than  1100Hz  after  1  hour.  Less  than  lIKHzinthe' 
range  of  -lO'^C  -  +60' C. 

Power  Supply  Requirements: 

%  ®  DC  13.8V  115%  Negative  ground  Current  drain  20A 
max  (at  200W  input) 

AC  power  supply  is  available  for  AC  operation. 

Antenna  Impedance: 

50  ohms  Unbalanced 
Weight 

8  OKg  ( 1 1  Kg.  when  optional  power  supply  is  installed) 
Dimensions: 

111(1231  mm(H)  x  280(304)  mm(W)  x  355(383)  mm(D) 
’(  ).  including  protections 

transmitter 

RF  Power; 

SSB  (A,J)  200  Watts  PEP  input 

CW  I  A,  I,  RTTY  (F , )  200  Watts  input 

FMlFjl*  200  Watts  input 

Continuously  Adjustable  Output  power  10  Watts  ^  Max. 
Emosion  Mode: 

AjJ  SSB  (Upper  sideband  and  Lower  sideband) 

A,  CW 

F  ,  RTTY  (Frequency  Shift  Keying) 

F,  FM 

Harmonic  Output: 

More  than  60dB  below  peak  power  output 


Spurious  Output 

More  than  60dB  below  peak  power  output 
Carrier  Suppression  ' 

More  than  40dB  below  peak  power  output 
Unwanted  Sideband: 

More  than  55dB  down  at  1000Hz  AF  input 
Microphone: 

Impedance  600  ohms 
Input  Level  12  millivolts  typical 
Dynamic  or  Electret  Condenser  M'crophone 
(Optional  desk  mic  1C  SM6  can  be  used.) 

RECEIVER 

Receiving  System; 

SSB.  CW,  RTTY.  AM 

,  Triple  Conversion  Superheterodyne  with  con 

tinuous  Bandwidth  Control. 

FM*  Triple  Conversion  Superheterodyne 
Receiving  Mode: 

A| ,  Aj  J  (USB,  LSB)  F ,  (Output  FSK  audio  signal).  A  i 
(Receive  only)  F3  * 

IF  Frequencies: 

1st  70.4515MHz 

2nd  9.0115MHz 

3rd  455KHZ 

Sensitivity: 

SSB,  CW,  RTTY 

0.1  ~  1.6MHz  Less  than  3.2pV  for  lOdB  S  N 
1.6  '  30MHz  Less  than  0.15aV  for  lOdB  S.  N 
AM  0  1  '  1.6MHz  Less  than  20mV  for  lOdB  S  N 
1  6  ~  30MHz  Less  than  1/jV  for  lOdB  S,  N 
FM*  1.6~30MHz  Less  than  0.3;jV  for  1 2dB  SIN  AD 
Squelch  Sensitivity: 

1.6  ~  30MHz  Less  than  O.SjuV 
Selectivity; 

SSB,  CW,  RTTY 

2.2KHz  (Adjustable  to  0.8KHz  Mini 
at  -6dB 

4.2KHZ  at-60dB 

AM  2.4KHZ  at  -6d8,  4,8KHz  at  -60d8 
(When  Filter  switch  ON) 

4.0KHZ  at -6dB,  15KHz  at -60dB 
FM*  15KHZ  at -6dB,  30KHz  at -60dB 
Notch  Filter  Attenuation: 

More  than  30dB 

Spurious  Response  Rejection  Ratio: 

More  than  60dB 
Audio  Output: 

More  than  2.8  Watts 
Audio  Output  Impedance: 

8  Ohms 


*  Wheri  opiional  FM  unit  is  installed. 

Specifications  are  approximate  and  are  subject  to  change  without  notice  or  obligation. 
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INSTRUCTION  MANUAL 


int^:r\al  power  supply  unit 

{>(  -  i  .S\.  :()A  SV^ntHIN(,  Rt(.l  LATOR; 


a 


% 

M 


T>-  s  'i^f  jrTion  -nanuiil  ifsc' aii'ri  'tistaMation  mslruc 

•-ons  *i;i  ’Me  :,[)•. (v'dl  ijovvt*'  sui.Div  ani!  ^O'  iCCM's  HF  ttansceivpr 
IC  745  a'^d  !C  751.  !•  aiso  nr;:. ides  inforrnatron  you  riped  whily 

u5;;ia  rniTTi.  Picd<,i,’  'ead  aH  n',;r jct  on-.  carfd-jliy  deforp  ;nstaila 
•lOi’  so  yOLi  .vili  yet  rTidv;r7i»,r.'.  n'‘''ormance  ana  full  vaujf’  from  the 
set 


SPECIFICATIONS 

\',ir'sne'  o‘  Seo'icrrsfluotois 

irnwi  Voltaqe 

■Aeowanip  Voltaae  Fiuctuat'O''' 

Inhut  Cdoar,;tv 
Output  Voltage 
Vd*.  Loari  Currerrt 
DehPntlOOS 
'A'eight 
K  :  irictluited 


Ttd'SSiStor  5 

IC  2 

Diode  4 

1 10  220V  AC  l50  60H/) 

,•  1 0  -  of  'hout  voltaqe 
suitable  line  voltaqei 
550VA  tat  20A  loadi 
13  8V  DC  Negative  ground 
20 A  nOmmsON  lOrnmsOFFl 
1'94IWI  X  50(H)  X  186(D)  mm 


Approx  2  3kg 

Mam  Unit  1 

Insulation  Spacer  1 

Power  Socket  Umt  1 

AC  Power  Cord  1 

Spare  Fuse  2 

Installation  Screws  6 

Insulation  Washers  6 
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ICOM 


ELECTRtT  CONDENSER  TYPE 


DESK  MICROPHONE 

WITH  BLILT-IN  PREAMPLIFIER 


IC-SMB 

INSTRUCTION  MANUAL 


Cong'r;' ..  jTions  'i  the  purchase  of  DESK 
MICPC--0\E  1C-SM6  for  ne'A  ICOM's 
transce  .ev 

This  rPicropr'.or'.e  .vill  increase  your  operat¬ 
ing  ccn.enier^ce  and  make  operation  of  the 
•ranscei-e’’  m  ^'e  enioyapie  with  c^ear  tone 
and  good  .x*  capability 


HOW  TO  USE 

1  A  se'^Sitivitv  control  is  installed  on  the 
bcttO'^  0*  the  mic  stand.  By  turning  it 
to  ‘no  "H"  or  "L"  position,  the  sensi- 
tivd,  will  increase  or  decrease,  respec¬ 
tively  Adjust  the  control  so  as  to  get 
the  proper  sensitivity  considering  the 
distance  to  the  mic,  the  ioudness  of  your 
voice  and  the  environmental  conditions. 

2,  The  v.  nd  screen  not' only  prevents  b'ack- 
grou-d  noise  .due  to  wmd,  but  also 
protects  the  m.ic  Liniess  required,  do 
not  'emove  the  screen  from  the  mic. 

3.  In  Older  to  operate  the  microphone, 
copr'.ec:  Its  plug  to  the  mic  socket  on  a 
transceiver  lor  transmitter). 


1C-SM6  IS  an  eiectret  condenser  type  desk 
microphone  with  a  buili-m  preamplifier.  So, 
a  DC  voltage  should  be  applied  to  the 
preamplifier.'  In  the  IC-SM6  the  DC  voltage 
IS  superimposed  on  the  AF  output  line. 

ICOM  transceiver  has  an  8  pm  microphone 
connector,  to  accept  the  iC-SM6  microphone 


4.  To  transmit,  press  the  PTT  switch  do/.n- 
ward.  When  it  is  released,  the  transce  ve' 
will  . return  to  the  receive  condition.  For 
a  long  transmission,  puH  the  PTTsw'tc.n 
backwards,  while  pressing  it  down  until 
the  switch  IS  locked  and  it  w'lll  remain  n 
that  position  until  it  is  pushed  forward 
and  released.  Refer  to  the  ♦oliowing 
chart. 


ICOM  INCORPORATED 


Pr.riKj  in 


IC-ATSOQ 

IC-AT^OO 

HF  FULL  AUTOMATIC  ANTENNA  TUNER 


Number  of  Semiconductors 


Transistor 

1C 

Diode 


36 

10 

55  (IC-AT100;49) 


Frequency  Range: 


Power  Capability 
Impedance  Matching 


18  ■  2  0  MHz  (IC-AT100;  tuner  is  bypassed) 

3  5  -  4  0  MHz 
7.0  '  7.3  MHz 
10  0  "  10.5  MHz 
14  0  '14.5  MHz 
18  0  '  18  5  MHz 
21  0  '  21  5  MHz 
28  0  '  30  0  MHz 

(Auto  band  switching  with  lC-701/720/720Ay730) 

500W  {continuous)/1  kW  (PEP) 

(IC-ATIOO.  100W/200W  PEP) 

16  7  '  150Q  to  50n  resistive 


Output  Terminals  4  coaxial  connectors 

Minimum  Tune-'up  Power;  50W  (iC-ATlOO:  8W) 

Tune-up  Time:  4-7  seconds  (when  operating  band  has  been  changed ) 

Less  than  3  seconds  (on  the  same  band) 


Matching  Accuracy  (VSWR): 
Insertion  Loss 

Power  Supply  Requirements 


Less  than  1.2  (when  auto-tuning) 

Less  than  0  5  dB  (when  tuned  up) 

13.8V  DC  (negative  ground)  ±15%  0.5 A  max 
117V  AC  or  230V  AC  ±10%  13W  max 


Usable  Condition  Temperature -10°  C  ~  60”  C 

Dimensions  241(W)  x  111(H)  X  300(D)  mm 

6.4  kg  (IC-ATIOO:  5.0  kg) 


Weight 


Now  (COM  oflOfs  ttm  host 
choicM  in  compact  2-m«t«r  FM 
mooil«$..ttM  IC-27H  45-watf  com- 
poct  (IH'H  X  S'.'i'Wx  9H-D)  and 
tn«  IC-27A  2S-watt  sup«r  com¬ 
pact  mobil*.  Tn«IC-27Aand 
IC-27H  ore  th«  sma|i«st  fuli- 
(•otured  2-m«laf  mobil*  tron's- 
cmvers  ovoilabl*.  and  («atur«  an 
intamal  spoakar  tor  •osy  installo- 
Hon.  For  tn«  ulHmots  poirtabl* 
xtoHon,  ma  IC-37A  220MHI  ond 
IC-47A  440MH1  25  woH  compoct 
mobfias  ora  otio  ovoilabla. 


fpMj  ^L4- 


Prtoritv  may  be 

selected  to  bo  either  a  memory 
chonnel  or  o  VFO  channel.  By 
usirig  sampling  tochnKques.  the 
operator  can  determine  if  a  fre¬ 
quency  Of  interest  is  free  or  busy. 

compact 

mobile  tronsceivors  at  your  local 
ICOM  dealer.  For  superb  pertorm- 
once,  reliooility.  and  the  ultimate 
in  a  \/HF  mof  e  radio,  your  only 
choice  is  on  COM. 


The  tC-27h  provides 
45  wafTs  of  oui  out  power  while 
•he  'C  -27A  provides  25  wohsot 
output  DOwer 


IC-2  'A  and  IC-27H  come  com- 
piefti  with  32  PL  freouehcesread/ 
to  g<i  and  are  controne  j  from,  the 
front  t:anei  knob  Each  PL  fre- 
quer  cv  mov  be  seirjct-ixl  by  the 
mom  tuning  knob  -jnd  stored  into 
mem  vy  tor  easy  access  along 
with  ‘  eauencv  and  offset. 

The  IC-27A  and 
IC-27H  hovu  nine  memories  avail- 


> . ^ 


able  to  store  receive  freauency. 
transmit  offset,  offset  direction, 
and  PL  tone  Memories  ore 
backed  up  by  o  lithium  bockup 
battery,  which  will  store  memories 
tor  up  to  seven  years 

•'  is;-?'.  As  an 

added  plus,  the,C-27A/Hfeofures 
on  optional  speech  synthesizer  to 
vertxjiiy  announce  the  receiver 
freauency  of  the  transceiver 
through  the  simple  touch 
of  o  button 

.  Included 

with  the  IC-27A/H  iso  scon-  mmi- 
ning  system  which  allows  |K?  ■ 
scanning  of  the  entire  " 

band.  ■  n 


The  ICi2SA  2-meter^*^ 

25-wott  mobile  and  its  46-watt 
companion,  the  IC-2SH.  ore 
also  Gvailobie, 


IC-HM23 

Sconnrng  mic 
w  th  OTMF  DOd 


.dWhkh,-,', 


I 


IC-27H 

45  Warts 

f  -  N  X  5' 


IC-27A 

25  Wafts 

1'!"Hx5'  -"Wx  7"D 


Also  Available 
and  IC-47A  44 


47A  44bMH2  Compact  Mobiles  The  World  System 
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GENERAL, 

Numbers  of  ser  iconductors 


Frequency  coverage 

Frequency  resolution 

Frequency  control 

Frequency  stability 
Memory  channels 
Usable  conditions 

Antenna  impedance 
Power  supply  requirement 


Drmensions 

Weight 


Transistor 

FET 

1C 

Diode 


67 

6 

24 

110 


IC-27A:  144MHz  ~  148MHz 
IC-27E:  144MHz-.  146MHz 

IC-27A:  5KHz/15KHz  steps  (Australian  version:  5KHz/25KHz) 
IC-27E:  12.5KHz/25KHz  steps 

Microcomputer  based  5KHz  step  (or  12.5KHz  step)  Digital 
PLL  synthesizer  Independent  Dual  VFO  Capability. 

Within  ±1.5KHz 

9  channels  with  any  inband  frequency  programmable 
Temperature:  — 10°C  — 60°C  (14°F~  140°F) 

Operational  time:  Continuous 

50  ohms  unbalanced 

13.8V  DC  ±15%  (negative  ground) 

6A  Max. 


Current  drain  (at  13.8V  DC) 

:  Transmitting; 

High  (25W)  , 

Low  (  5W) 

Approx. 

Approx. 

6.0A 

3.0A 

Receiving; 

At  max  audio  output 
Squelched 

Approx. 

Approx. 

0.6A 

9.4A 

38(41)mm(H)  x  140mm(W)  x  177(191)mm(D) 

(  ):  Shows  the  dimensions  including  projections 

Approx.  1.2kg 


TRANSMITTER 

Output  power 
Emission  mode 
Modulation  system 
Max.  frequency  deviation 
Spurious  emission 
Microphone 


Operating  mode 


RECEIVER 


HIGH  25W  LOW  5W 
16Fj  (F3E  16K0) 

Variable  reactance  frequency  modulation 
±5KHz 

More  than  60dB  below  carrier 

6(X)  ohm  electret  condenser  microphone  with  push-tc-talk 
and  frequency  UP/OOWN  switches. 

''C-27A:  with  16  key  dual-tone  pad.) 

(IC-27E:  with  1750Hz  tone  burst  unit.) 

Simolex,  Duplex  (Any  offset  in-band  in  lOOKHz  increments 
programmable) 


Receiving  system 
Modulation  acceptance 
Intermediate  frequencies 

Sensitivity 

Squelch  sensitivity 

Spu'ious  response  rejection  ratio 

Selectivity 

Audio  output  power 
Audio  output  impedance 


Double-conversion  superheterodyne 
16F,  (F3E  16K0) 

1st:  10.695MHz 

2nd:  455KHz 

Less  than  0.2pV  for  12dB  SI  NAD 

Less  than  0.4pV  for  20dB  Noise  quieting 

Less  than  0.1 5pV 

More  than  60dB 

More  than  15KHz  at  — 6dB  point 
Less  than  30KHz  at  -60dB  point 
More  than  2.0W 
4  —  8  ohms 
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SPECIFICATIONS:  IC-02A(T) 


'  (SENEKAL 
Frequency  covefoge 
Frequency  resolunon 
Frequency  cofirro) 

Sconmng  system 
Frequency  roodouf 
Frequency  stability 
Memory  channels 
Usoblecondir  ms 
Antenna  impedance 
Power  supply  requitement 
Current  drain  (at  o  AVDC) 


Dimensions 

Weight 

TRANSMITTED 
Output  power 

Emission  mode 
Modulotion  system 
Atox.  hequency  devtotion 
pilous  emission 
Pi  tones 

Operating  mode 
Microphone 

RECEIVER 

Receiving  system 

Receiving  mode 

Intermediote  frequencies 

Sensitivity 

Squelch  sensitivity 

Spunous  response  rejection  ratio 

Selectivity 

•  Audio  output  power 
Audio  output  impedance 


DAHERY  PACKS 


OATTERY 

PAOS  HEIGHT 
MODEL _ 

IC-0P2  3Cmm 


IC-OFA  AQmm 


144  00  -  147  W5/MH2 
5  10  15  20  or25KHzsrep$ 

DigitQl  PU.  synthesizer,  with  keylxxird  entry 
Pnonry.  memory,  progrommoble 
LCD  disploy  ( With  switchobie  bod<  light) 

Within  t1  f  KHz 

1 0  (with  infernal  lithium  botrery  backup) 
-10*C-60*CC14“F-  140*F) 

50  ohms  unbolonced 
1 3  8VDC  or  ortendonr  bottenes 
Tronsmitting:  High  (3,0w)  approx  1  OA 

Low(05w)ooprox  450mA 
Receiving:  At  maximum  audio  cipprox  1 40mA 
Squelched  approx  35mA 

1 16.5mm(H)  x65mm(W)x35mm(D)  without  botrery  cose 
5 1 5g  induding  IC  DP3  botrery  pock  and  flexible  ontenno 

High  30w(dta 4VDC):  50w(ot  13.2VCX:) 

Low  0  5w(atfl4VDC) 

16F3 

Vonoble  reoctonce  frequency  modulotion 
t5KHz 

AAore  rhon  CiOdD  below  comer 
32  bmlr-in  suboodible  rones,  stondord 
Simplex  or  duplex  with  progrommoble  offset 
Ouilt-in  eleciret  condenser  micropnone 
Opnonol  IC-HM<J  speoker/mic  con  be  used 

Double  conversion  superhetrodyne 
16F3 

1y  16  9MHz:  2nd:  455KHZ 

Less  than  032  for  20d0  quienng 

Less  ihon  0  1  uV 

More  fhon  60d0 

•7  5KHzat-6dO 

tl5KHzQr-60dO 

More  Ihon  500mW 

a  ohms 


CHARGER 

REQUIRED 

DAHERIES 

< 

o 

> 

TYPICAL 

CXnPUT 

(IN  watts; 

DCOO 

0CO5 

N425  AR 

(r.6) 

72 

30 

DC  25U  Of 
OC  30  or 
OC-35 

N  250  AA 
'  X7 

84 

30 

•  • 

'JM-3(x6) 

90 

.  30 

HCdAACxI) 


REPLACE- 

AOLE 

OAHERIES 

NOTES 

No 

Low  Oofpe  '  1  5hi 

Long  pro*# cry? 

No 

Vondord  Pow*r/ 

^pondofd  Oorge  <  1 

Yes 

5*ondofd  Pow»r/No 
cocnO*«Ty 

Yes 

Ufw  Povv/Long  b#** 

No 

M*dfuT»  PcpA^/  lore  b*P 

O'ofg^i  t  5F\)fo^fdyyQg 

No 

Popf^f/Qwe^  or  Oorge 

No 

Srondord  **ov^/lory5  '•  fl00»TV*^) 

ACCESSORIES 

IC-CP1  Qgaretle  Lighter  Cord 

Plugs  into  lighter  socket  to'  charge  IC-DP3  or 
into  IC-DC1  to  operate  unit  from  cor  botrery 

BC-3S  Drop-in  Charger 

Oiorges  oil  ICOM  botrery  pocks.  Choraes  IC- 
0P2  in  1  5  hours.  IC;-DP3  in  1 5  hours  l(^0P5 
ond  0P7  in  1  5  hours,  ond  the  IC'0P8  m  2.5 
hours. 

IC-HM9  Speaker/Mkrophone 

Plugs  into  transceiver  orxj  clips  on  lopel  or 
powt  Has  PIT  button. 

Leattier  Cose 

High  quollry  cose  ro  protea  your  transceiver 

BC-2SU  Woll  Charger 

Oarges  IC-0P3  pock,  srerxjord  with 
transceiver. 

0C-16U  Woll  Charger 

Qrarges  IC-0P7  6  |JP8  Pocks,  only 

H5-10  Headset 

HS-10SO  m  Switchbox 
To  be  used  with  HS-10. 

HS-10SA  VOX  Unit 

To  be  used  with  HS-10.  For  IC-02ACT)  ond  1C- 
04.VT)  only 

OPTIONAL 

IC-ML1 

Number  of  Semkonducton 
Transisrots  6 

Diodes  10 

IC  .  1 

FrequeiKy  Coverage 
144  -  148MHz 

Acceptable  Modulotion 
FM 

Power  Supply  Requitements 

13.6VDC  tl5%  Negotive  Ground  3A  Mox 

Current  Drain 

Approx.  2  .0A  or  lO'X’  Output 
AQprox.  30mA  ot  siond  by 

Drive  Power  Requirements 

2.3  Worts 


Output  Power 

10  wQirs 

Input  Impedance 

ion  Unbolonced 

OtAput  (Load)  Impedance 

son  Unbolonced 

Dimensions 

35mm(H)  x  63rnm(W)  x  160mm(D) 

Weight 
Approx  320'" 
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GFNERAL 

Number  of  Semiconductor*: 


Transistors 

89 

FET 

1C,  (Includes  CPU) 

50 

Diodes 

160 

Frequency  Coverage: 
144.0-  146.0MHz 
(IC-271A:  143.8- 

148.2MHz) 

Frequency  Control: 

CPU  based  10Hz  step  PLL  synthesizer 

Independent  Transmit-Receive  Frequency  Capability 
32  Memory  Channels  provided 

Programmed  Scan,  Memory  Channel  Scan  and  Mode- 
Selective  Scan  Capability 
Frequency  Resolution: 

SSB  10Hz  steps  (Automatic  100Hz  steps  shift) 

FM  5KHz  steps 

IKHz  steps  with  TUNING  RATE  switch  depressed 
Frequency  Readout: 

'  7  digit  Luminescent  display  100Hz  readout 
Frequency  Stability: 

Within  ±1.5KHz  in  the  range  of  -lO’C  ~  +60'’C 
RIT  Frequency  Coverage: 

±9.9KHz  from  displayed  receive  frequency 
Power  Supply  Requirements: 

DC  13.8V  ±15%  Negative  ground  Current  drain  6A  max. 
AC  power  supply  is  available  for  .AC  operation. 

Current  D'ain  (at  13.8V  DC): 

Transmitting  ,  25  watts  output  Approx.  6.0A 

1  watt  output  Approx.  2.0A 

Receiving  At  max.  audio  output  1.4A 

Squelched  1 .2A 

Antenna  Impedance: 

50  ohms  Unbalanced 
Weight: 

5.2  Kg 
Dimensions: 

110mm(H)  X  285mm(W)  x  275mm(D) 

TRANSMITTER 

RF  Oitput  Powet : 

SSB  (AjJ)  25  Wans  PEP 

CW(A,),  FM(F,)  2E  Watts 

Continuously  Adjustable  CVjtput  power  1  watt  ~  Max. 
Emission  Mode: 

SSB  (A,J  USB/LSB),  CW  (A, ),  FM  (F,) 


Modulation  System: 

SSB:  Balanced  modulation 
FM:  Variable  reactance  frequency  modulation 

Max.  Frequency  Deviation: 

±5KHz 

Harmonic  Output: 

More  than  60dB  below  peak  power  output 
Spurious  Output: 

’  More  than  60dB  below  peak  power  output 
Carrier  Suppression: 

More  than  40d6  below  peak  power  output 
Unwanted  Sidebana: 

More  than  40dB  down  at  1000Hz  AF  input 
Microphone: 

■600  ohm  electret  condenser  microphone  with  push-to- 
talk  switch  and  scanning  buttons. 

Operating  Mode: 

Simplex,  Duplex  (Any  in-band  lOKHz  steps  frequency 
separation  programmable) 

RECEIVER 

Rweiving  System: 

SSB,  CW  Single  conversion  superheterodyne 
FM  Double  conversion  superheterodyne 
Receiving  Mode: 

Ai.AjJIUSB,  LS8),  F, 

IF  Frequencies: 

SSB,  CW  10.75MHz 
FM  10.75MHz.  455KHz 
Sensitivity: 

SSB,  CW  Less  than  0.5  microvolts  for  lOdB  S+N/N 
FM  Less  than  0.3  microvolts  for  12dB  SINAD 

Less  than  0.6  microvolts  for  20dB  noise  quieting 
Squelch  Sensitivity: 

SSB,  CW  Less  than  0.6  microvolts 
FM  Less  than  0.4  microvolts 
Spurious  response  rejection  ratio: 

More  than  60dB 
Selectivity: 

SSB,  CW  More  than  2.4KHz  at  — 6dB  point 
Less  than  4.8KHz  at  HBOdB  point 
FM  More  than  15KHz  at  — 6dB  point 
Less  than  30KHz  at  -60dB  point 
Audio  Output  Power: 

More  than  2.0  watts  (at  8  ohm  10%  distortion) 

Audio  Output  Impedance: 

8  ohms 


Specifications  are  approximatt  and  are  subject  to  change  vyithout  notice  or  obligation. 
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IC-4AT 

UHF  FM - 

Handheld 


32  CHANNEL 
MEMORY 

IC-45A 

UHF  FM  Mobile 
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VQro 
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GENERAL 
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Mumue'  of  S.‘mico”rtuctot%. 

Tijnsistors  108(IC-471A  110) 

PET  10 

IC  i  l■’cludes  CPU  i  5b(IC471A  B9l 

DiOdes  1  74  (IC-471A  1  78) 

E'eoue’'Cv  Coverage 
430  0  '  440  OMH? 

,iC  4  'i  A  430  0  '  450  0MH^) 

P-e:jue'^cv  Contiol, 

CPU  cased  lOHz  step  PEL  syrithesizer 

Incependent  Transmit' Receive  Freauencv  Capability 

32  Memory  Channels  provided 

P'OQ’ammed  Scan,  Memory  Channel  Scan  and  Mod'e- 
Seiec'  ve  Scan  Capability 
Prer!Le"c,  Resolution 

SSB  lOH;  steps  (Automatic  lOOH^  steps  shiftl' 
r\‘  5K Hz  steps  > 

1  K  ‘-‘z  steps  Aith  Tuning  rate  switch  depressed 
E'-a^encv  Readout 

7  d  git  Luminescent  display  100Hz  readout 
Pieouer^cy  Stability 

\M  tnin  0  001  m  the  range  of-IO'C'-rbOC 
RIT  P'eauency  Coverage 

•  n  Qw-  Hz  f'pm  d''r'i,S',  ed  receive  freouency 
Po'.-.o'  Supply  Requirements 

DC  13.8V  :  1 5'.  Negative  ground  Current  dram  8A  max 
AC  power  supply  is  available  for  AC  operation. 

Cu'-e"!  D'am  (at  13  8V  OCI. 

Transmitting  25  watts  output  Approx.  8.0A 

1  watt  output  Approx  2.5A 

Receiving  At  max  audio  output  1.4A 

Squelched  1.2A 

An'erna  Impedance 
50  ohms  Unpalanced 
V'veigrt 
6  0  Kg 
Dimensions. 

1  lOmm(H)  X  285mm(W)  x  275mm(Dl 


TRANSMITTER 

RF  Output  Power; 

SSBiAjJ)  25  Watts  PEP 

•  CW  (A,  ),  FM  (Fj)  25  Watts 

Continuously  Adjustable  Output  power  1  watt  ^  Max. 
Emission  Mode;  .  , 

SSB  IA,J  USB.'LSBI.  CW  (A,  ),  FM  (F,) 

Modulation  System . 

.  SSB  Balanced  modulation 

®  PM  Variable  reactance  frequency  modulation 


M,ax.  Frequency  Deviation; 

±5KHz 

Harmonic  Output; 

.  More  than  60ctB  below  peak  power  output 
Spurious  Output; 

More  than  60dB  below  peak  power  output 
Carrier  Suppression; 

More  than  40dB  below  peak  power  output 
Unwanted  Sideband; 

More  than  40dB  down  at  1000Hz  AF  input 
Microphone; 

600  ohm  electret  condenser  microphone  with  pusji-to- 
talk  switch  and  scanning  buttons  ( l(T-471  E ;  with  1750Hz 
tone-burst  unit) 

(IC-471A.  Supplies  an  S  pin  plug  instead  of  the  micro 
phone.) 

Operating  Mode; 

Simplex,  Duplex  (Any  in-band  lOKHz  steps  frequency 
separation  programmable) 

RECEIVER 

Receiving  System; 

SSB,  CW  Double  conversion  superheterodyne 
FM  Triple  conversion  superheterodyne 
Receiving  Mode: 

A, ,  A,J  (USB,  LSB),  Fj  ' 

Intermediate  Frequencies; 

SSB,  CW  70,4515MHz,  10.75MHz 
FM  70.4515MHz,  10.75MHz,  455KHZ 
Sensitivity; 

SSB,  CW  Less  than  0.3  microvolts  for  lOdB  S+N/N 
FM  Less  than  0.3  microvolts  for  12dB  SINAD 

Less  than  0.5  microvolts  for  20dB  noise 
quieting 

Squelch  Sensitivity; 

SSB.  CW  Less  than  1.0  microvolt 
FM  Less  than  0.3  microvolts 
Spurious  response  rejection  ratio: 

More  than  60dB 
Selectivity: 

SSB,  CW  More  than  2.4KHz  at  — 6dB  point 
Less  than  4.8KHz  at  — 60dB  point 
FM  More  than  15KHz  at  — 6dB  point 

Less  than  30KHz  at  — 60dB  point 
Audio  Output  Power: 

More  than  2.0  watts  (at  8  ohm  10%  fistortion) 

Audio  Output  Impedance: 

8  ohms 


Specifications  are  approximate  and  are  subiect  to  change  without  notice  or  obligation. 
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INSTRUCTION  manual 


I  ■•  ■  ;^ 


[GENERAL] 

Transminar  Eraquancy  Ranga: 
Racaivar  Fraquancy  Ranga; 
Moda; 

Antanna  Impadanca: 

Powar  Raquiramant;  < 

Powar  Consumption; 

Dimansions; 

Waight; 

[TRANSMITTER] 

Final  Powar  Input; 


1 60.  80. 40.  30. 20, 1 7  . 1 5, 1 2 ,10  meter  Amateur  bands 
1 50  kHz  to  30  MHz 

A3J  (LSB.  USB).  A1  (CW).  A3  (AM).  F3  |FM) 

A3J  (LSB,  USB).  A1  (CW),  A3  (AM),  F3  (FM .  OPTION) 

1 2.0  to  1 6.0  V  DC  (1 3.8  V  nominal) 

20A  approx,  in  transmit  mode 

1 .2A  approx,  in  receive  mode 

270  ( 1 0.6)W  *  96  (3.8)H  x  257  ( 1 0. 1 )  D  mm  (inch) 

6.5  kg  (14.3  lbs.) 


1 60m  -  1  Sm  band 


1 0m  band 


SSB 

CW 

FM 

AM  , 

250WPEP 

250WPEP 

200WDC 

200WDC 

120W 

60W 

60W 

Modulation; 


Carrier  Suprassion; 

Unwanted  Sideband  Suppression; 
Harmonic  Cotttartt; 

Maximum  Frequency  Oiviation  (FM); 
Microphone  Impedance; 

[RECEIVER] 

Circuitry; 

Intsrmadiata  FraquarKy; 


Sensitivity; 


SSB  a  Balanced  Modulation 
FM  M  Variable  Reactance  Direct  Shift 

(with  FM-430  optional  accessory) 

AM  K  Low  Level  Modulation  (IF  stage) 

Better  than  40  dB 
Batter  than  50  dB 
Less  than  -40  dB 

1 5  kHz  (with  FM-430  opbonal  accessory) 
500Dto50IU3 

SSB.  CW.'AMs  Double  conversion  SufMrhetarodyna 

FM  s  Triple  Conversion  Superheterodyne 

1  St  IF  s  48  055  MHz 

2nd  IF  *8.83  MHz 

3rd  IF  *455  kHz  (FM  only) 


Freouency 

Mode 

SSB/CW(10dB  S/N) 
AM(10dBS/N) 
FM  (30  dB  S/N) 
FM(12dBSINAD) 


1  SOkHz  -  5CX)kHz  SOOkHz  - 1  .BMHz 


1.8MHz -30MHz 


Imaga  Ratio; 

IF  Rajaction; 
Salactivity; 


Less  than  1  Lass  than  4  Less  than  0.25  aiV 

Lass  than  1 3  aiV  Less  than  40  atV'  Lass  than  2.5  pV 

•Less  than  1  a<V 

- _ - _  *Leas  than  0.7  pV 

•  with  FM-430  optional  accessory 
Mora  than  70  dB  (1 .8  to  30  MHz) 

Mora  than  50  dB  |FM-3rd  image  ratio) 

More  than  70  dB  ( 1 .8  to  30  MHz) 


Selectivity 


-6d8 

-60  dB 

SS8/CW 

2.4  kHz 

4.4  kHz 

AM*1 

6  kHz 

12  kHz 

FM  *2 

15  kHz 

32  kHz 

FraquarKy  Stability; 


FraquarKy  Accuracy; 

RIT  Variable  Range 
Audio  Output  ImpadarKa 
Audio  Output  Powar: 


•  1  with  YK-88A  optional  filter 

•  2  with  FM-430  optional  accessory 

Boner  than  i  30  x  1(7^  (O’C  to  +50'C).  Within  ±  200  Hz  from  1  to 
60  minutes  after  tum-on:  within  ±  30  Hz  any  30  minute  period 
thereafter 

Baner  than  10  x  10^ 

More  than  +  1  kHz 
l;  40to-160 

More  than  1.5W  across  8(7  (at  1 17%  distortion) 


Note:  Circuit  and  ratings  subject  to  change  without  notice  due  to  developments  in  technology. 


KENWOOD 


DC  POWER  SUPPLY 


The  PS-430  DC  Power  Supply  has  been  carefully 
engineered  and  manufactured  under  rigid  quality 
standards,  and  should  give  you  satisfactory  and  depend¬ 
able  operation  for  many  years. 

Before  placing  the  equiprT>ent  in  service,  we  suggest  you' 
read  through  this  manual  to  become  acquainted  with 
correct  operation.  Should  any  trouble  arise  with  the 
unit,  please  contact  your  dealer. 


■  AFTER  UNPACKING 

Save  the  boxes  and  packing  in  the  event  your  unit  needs  to 
be  transported  for  operation  at  a  remote  location,  main¬ 
tenance,  or  service. 

■  INTRODUCTION 

The  Model  PS-430  is  a  regulated  DC  power  supply  design¬ 
ed  to  match  the  KENWOOD  TS-430S  transceiver  and 
provide  reliable  fixed-station  operation.  External  output 
terminttls  (10  A  max.)  for  operation  of  additional  equip¬ 
ment  are  also  provided. 

■  BEFORE  USING 

The  foMovying  accessory  items  are  included 
Operating  manual  (B5O-4014-OOI.  .  1  copy 


Fuse  (6A)  (F05-6021-05)  ......  1  piece 

Fuse  (4A)  (F05-4022-05) .  1  piece 

AC  power  cord  i . .  1  piece 


■  INSTALLATION 

When  using  the  bail,  swing  it  fully  forward  to  place  the 
TS-430  at  the  same  height  as  that  of  the  transceiver. 


Turn  the  Power  Switch  OFF  before  making  connections. 
Connect  the  AC  power  cord  as  shown  in  Fig.  2. 

Note:  When  connecting  the  unit  to  the  TS-430V  (10-W 
model),  use  the  DC  cable  supplied  with  the  trans¬ 
ceiver. 


TS-430S 


P»430  Pavwr  ■ipfily 


■  CAUTIONS 

1.  The  PS-430  will  not  operate  if  the  output  terminals  are 
shorted. 

Before  the  PS-430  power  switch  Is  turned  on,  make 
certain  the  transceiver’s  power  switch  is  OFF;  otherwise, 
current  greater  than  2A  may  flow  into  the  transceiver 

•  ■  '  It  it  is  in  transmit  mode.  Secondly,  the  PS-430  may  not 

operate  if  switched  on  with  the  transceiver  in  transmit 
mode  because  the  protection  circuit  may  operate.  Turn 
the  transceiver  on  after  the  PS-430  is  turned  on. 

2.  The  fuses  will  blow  if  the  unit  it  overloaded. 

3.  Allow  sufficient  space  behind  the  unit  and  install  in  a 
well-ventilated  location.  Do  not  place  any  objects  on  top 
of  this  unit. 

4.  Use  the  heaviest  and  shortest  DC  power  cable  possible 
from  the  accessory  termir'als. 

If  power  cable  length  is  excessive  the  output  voltage  will 
drop  or  induced  RF  energy  may  cause  premature  power 
supply  protective  shutdown. 

5.  When  connecting  two  or  more  transceivers  to  the  unit  or 
when  using  the  supply  for  any  other  purpose,  check  that 
the  total  operating  current  is  below  the  rated  current 
limit. 

■additional  information 

1.  GENERAL  INFORMATION 

Your  PS-430  has  been  factory  adjusted  and  tested  to 
specification  before  shipment.  Under  normal  circum- 

•  ‘.i  stances,  it  will  operate  in  accordance  with  these  operating 

instructions. 

If  your  i:ower  supply  fails  to  work,  contact  the  authorized 
dealer  from  which  you  purchased  it.  for  quick,  reliable 
repair. 

All  adjustments  were  preset  at  the  factory  and  should  only 
be  readjusted  by  a  qualified  technician  with  proper  test 
equipment. 

Attempting  service  or  adjustment  without  factory  authoriza¬ 
tion  can  void  the  power  supply's  warranty. 

Z  ORDERING  SPARE  PARTS 

When  ordering  replacement  or  spare  parts  for  your  equip¬ 
ment,  be  sure  to  specify  the  following: 

Model  and  serial  number.  Schematic  number  of  the  part. 
Printed  circuit  board  number  on  which  the  part  is  locat¬ 
ed.  Part  number  and  name,  if  known,  and  Quantity 
desired. 

3.  SERVICE 

Should  it  ever  become  necessary  to  return  the  equipment 
for  repair,  pack  in  its  original  box  and  packing,  and  in¬ 
clude  a  full,  detailed  description  of  the  problems  involved. 
You  need  not  return  accessory  items  unless  they  are  direct¬ 
ly  related  to  the  service  problem. 

NOTE: 

When  claiming  warranty  service,  please  include  a  photo- 
copy  ^he  bill  of  sale,  or  other  proof  of  purchase  showing 
the  date  of  sale. 


■  MAINTENANCE 

1-  The  supply  is  equipped  with  a  6-A  AC  fuse  snd  a  20  A 
DC  fuse.  If  either  one  or  both  blow,  DISCONNECT  the 
AC  power  cable  and  check  for  the  cause  before  replacing 
the  defective  fuse. 

(Replacement  fuses  are  available  from  your  authorized 
KENWOOD  dealer.) 

CAUTION:  NEVER  use  a  fuse  of  higher  rating. 

2.  The  unit  is  designed  to  deliver  13.8V  DC  at  15  A.  If, 
at  some  future  date,  the  supply  should  require  adjust¬ 
ment,  consult  your  dealer. 

When  changing  an  AC  operating  voltage,  select  the  desired 
voltage  with  the  selector  switch  located  on  the  bottom  of 
this  unit.  In  this  case,  the  correct  fuse  must  be  installed, 
referring  the  table  as  shown. 


AC  voltage 

Fuse 

120  V 

6A 

220V 

240V 

4A 

NOTE: 

Before  changing  the  AC  operating  voltage,  always  dis¬ 
connect  the  AC  power  cord  from  the  AC  line  outlet. 

■specifications 

Input  voltage:  120/220/240V  AC  ±  10%.  50/ 

60  Hz 

Output  voltage:  13.8V  DC  (standard  voltage) 

Output  current:  20  A  (25%  duty  cycle) 

IS  A  (50%  duty  cycle) 

Continuous  load  current  10  A  max.  (including  external 

output  terminal) 

Output  voltage  fluctuation:  Within  t  0.7  V  at  AC  120V, 

220V,  240V  ±10% 

(Load  current:  15  A) 

Within  0.7  V  between  2—15 
A  load. 

(No-load  output  voltage:  Less 
than  16  V  at  120/220/240y 
AC) 

Ripple  voltage:  Less  than  20  mV  (rms)  at 

13.8  V,  output  current  15  A. 

Power  consumption:  Approx.  480  W  (at  toad 

current  DC,  20  A) 

Dimensions:  173  (6-13/18)  W  x  95  (3-3/4) 

H  X  245  (9-5/8)  D  mm  (inch) 

Weight:  Approx.  7  kg  (15.4  lbs.) 

•  Circuit  design  and  ratings  are  subject  to  change  for  im¬ 
provement  without  notice. 


KENWOOD 


COMMUNICATION  MICROPHONE 

MC-SO 

INSTRUCTION  MANUAL 


■  FEATURES 

The  MC-80  is  designed  for  use  with  a  wide  range  of  communi¬ 
cation  equipment. 

jP/DOWN  frequency  switching  and  a  preamplifier  are  pro- 
«  ded.  The  silver  and  dark  gray  colors  of  the  microphone 
"atch  other  communication  equipment. 


■  BEFORE  OEPRATION 

1.  Power  supply 

Since  the  MC-80  uses  an  electret  condenser  microphone, 
power  is  required  for  operation. 

(DObtain  four  (4)  common  "AA"  cells. 

(2)  Remove  the  lid  as  shown  in  Fig.  2.  Install  the  batteries 
observing  correct  polarity.  Replace  the  lid. 

(3)  After  the  batteries  are  installed,  place  the  POWER 
switch  ON  and  verify  that  the  LED  lights. 


2.  Connection  to  transceiver 

As  shown  in  Fig.  1,  the  MC-80  has  a  standard  Kenwood 
8-pin  MIC  connector.  Fig.  3  shows  the  connection  be¬ 
tween  the  transceiver  and  the  micropfione.  Connecting 
the  microphone  to  a  transceiver  with  4-pin  or  6-oin  MIC 
jack  requires  an  optional  adapter  plug.  Connection  with 
equipment  other  than  Kenwood  may  require  either  re¬ 
connection  of  the  plug,  or  a  different  type  plug.  Refer  to 
the  instruction  manual  for  necessary  wiring  details. 

3.  Operation 

Turning  the  POWER  switch  on  lights  the  POWER  ON  LEO 
to  show  the  mic  is  operating. 

(f )  Volume  adjustment 

A  potentiometer  to  control  the  sound  output  level 
is  located  at  the  rear  of  the  mic  stand  panel. 

Adjusting  the  POT  varies  the  output  from  0  to  10  mV. 
A  -50  dB  setting  (approx.  3.3  mV  output)  is  preset  at 
the  factory.  For  normal  operation,  use  this  setting. 


Traneeeiver 

Mte  lack 

Mie  eonrtectiun 
end  adapter 

Power  sutsply 

,  TS-*30.  TS-930 
■  TV-201 .  TM-*01 
j  TS.660.  TW.4000 
TS.780 

Spin 

Adapter  not 
needed.  Direct. . 

Use  4  ‘AA" 
batteries. 

'  TR-9000  series 
'  TR-7700'»4-00  series 

6  pin 

Use  MJ-86 
adaorer. 

TR.7200."7500  series 
TS-120’130seri«s 
TS-520;530  ser.« 
TS-820,a30  series 

4  pin 

Use  MJ.84 
adapter. 

Tra'^scsiver  of  an- 

?o  ttie  tranjceiv^f 

ownen;  rrianLia!  cnanga 
tne  ywir.ng  or  jse  an 
adaoriM 

s 

k 

I 
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(2)  PTT  and  LOCK  switch  operation 

Use  the  PTT  or  LOCK  switch  to  transmit.  Holding  the 
PTT  switch  depressed  allows  transmission  and  releasing 
the  switch  returns  operation  from  transmission  to 
reception.  Depressing  the  LOCK  switch  once  allows 
transmission.  The  transmit  mode  remains  ON  after  the 
switch  is  released.  Depressing  the  switch  again  switches 
from  the  transmit  mode  to  receive  mode.  The  PTT 
sw  !ch  IS  used  for  rapid  QSO  exchanges.  The  LOCK 
sw  tch  is  used  for  relatively  long  transmissions. 

(3)  VOX  operation 

S.s.tching  from  the  receive  mode  to  the  transmit  mode 
by  your  voice  is  called  VOX  (voice  operated  transmit) 
operation. 

There  is  no  need  to  touch  the  PTT  or  LOCK  switch. 
Whether  or  not  the  VOX  operation  is  possible  depends 
upon  whether  the  transciever  or  transrnitter  used  is 
vox-equipped.  For  VOX  operation,  set  up  the  trans- 
ce  ver  and  turn  on  the  MC-80  power. 

Speaking  into  the  microphone  automatically  switches 
the  associated  transceiver  to  transmission.  When  you 
stop  speaking,  the  transceiver  automatically  returns  to 
the  receive  mode.  Usually,  a  relay  is  used  in  the  trans- 
ce  ver  for  switching  between  transmission  and  recep¬ 
tion.  Relay  "click”  may  be  heard  from  the  transceiver 
when  switching  from  trarismit  to  receive  or  vise-versa. 
For  VOX  operation  details,  refer  to  the  transceiver 
instruction  manual. 

(4)  Modulation  level 

Smee  the  MC-80  employs  an  eleetret  condenser  micro¬ 
phone,  speaking  close  to  the  microphone  may  some¬ 
times  result  in  reduced  clarity.  For  normal  operation, 
maintain  10-15  cm  distance  to  the  microphone.  The 
optimum  modulation  level  may  vary  dependinri  upon 
the  transceiver  and  operating  conditions.  Adjust  the 
transceiver  MIC  level  control,  referring  to  the  trans¬ 
ceiver  instruction  manual. 

15)  Output  impedance 

The  folibwing  are  typical  impedance  of  Kenwood 


communications  equipment: 

HF  equipment  .  50k  ohms 

VHF  Si  UHF  equipment  .  500  ohms' 


The  MC-80  is  set  for  680  ohms  so  it  can  be  used  with 
all  equipment  types. 

(6)  UP/DOWN  switch  operation 

Equipment  having  a  remote  UP  and  DOWN  tuning 
system  can  be  controlled  from  the  UP/DOWN  micro- 
phorte.  For  equipment  without  remote  tuning,  the  mic 
UP'DOWN  switches  are  not  used. 


POWCR 


khC  LEVEL  WHITE 


DOWN  UP 


1SVa4  f 

X 


-r- 


LOeX  PTT 


SHIELD 

BLUE 


RED 


_^MIC 

OUT  PUT 


r@GNO 

-0UP 


DOWN 


OJPTT  IST8YI 


BLACK 


■<8)GHO 


f  ig.  3.  MC-80  block  ii*9ram  &  mtc  plug  connpction 


■  PRECAUTIONS 

1.  Do  not  disassemble  or  otherwise  modify  the  mic  assembly, 
or  the  original  mic  characteristics  may  be  altered. 

2.  The  microphone  is  delicate.  Be  sure  not  to  jar  or  shock  the 
microphone  element. 

3.  Ensure  that  power  is  turned  off  when  the  mic  is  not  used. 

4.  When  the  battery  voltage  drops  due  to  depletion,  the 
power  output  will  drop  and  distribution  may  occur. 
Replace  the  battery  for  these  indications. 


■  SPECIFICATIONS 


Mic  unit . Omnidirectional  eleetret  cond 

enser. 

Output  impedance  ....  Approx.  700  ohms  ±  30%  at 

1.000  ha 


Sensitivity  (0  dB  ■> 

1  V/tf  bar,  1,000  Hi)  .  .  -40  dB  ±  6  dB  (VR  MAX.) 
Sensitivity  when  shipping  -  SOdB  ±  6  dB 
Frequency  characteristic  .  200  ~  7,000  Hz  (±  6  dB) 

Power  supply . Batteries  6V  (1.5  V  x  4) 

(Batteries  not  supplied) 
Current  comsumption  .  .  Approx.  10mA 

(Batteries  can  be  used  more 
than  500  hours) 

Weight  .  700  g 
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AT-250 

AUTOMATIC  ANTENNA  TUNERm 


CAUTiON 

1)  The  AT-250  is  capable  of  sustaining  100W  con-  You  are  the  owner  Of  our  latest  product,  the  new  AT-250  Automatic 

tinuous  operating  input  power.  However,  during  Antenna  Tuner.  Please  read  this  instruction  manual  carefully  befois 

I  •  auto  tuning,  very  high  voltage  appears  in  the  placing  your  unit  irt  service.  The  unit  has  been  carefully  engineered 

tuning  circuit  and  the  reflected  impedance  for  and  manufactured  to  rigid  quality  standards,  and  should  give  you 

the  transceiver  varies  greatly.  Therefore,  to  pro-  satisfactory  and  dependable  operation  for  many  years, 

tect  the  transceiver,  adjust  the  transmit  output 
to  less  than  SOW  before  tuning. 

2)  The  antenna  tuner  is  capable  of  matching  a  20— 

150  ohm  load,  or  approximately  up  to  2.5:1 
SWR.  If  the  antenna  and  feed  system  exceed  this 
range,  ;he  tuner  may  not  stop,  since  it  is  beyond 
the  auto  tuner's  capability.  In  this  case,  do  not 
attempt  further  auto- tuner  operation. 

To  perform  auto-tuner  operation,  first  adjust  the 
antenna  and  feed  system. 


FEATURES 


1.  All  amateur  bands  covered  in  the  HF  range 

Covers  all  amateur  bands  including  the  new  WARC  band 
from  1.8  through  28  MHz. 

Automatic  band  selection 

■-  When  connected  to  the  TS-430,  the  operating  band  is 
automatically  selected  from  the  transceiver. 

3.  Dual  power  source  capability 

Ooe'ation  ti  cm  either  120,  220,  or  240  V  AC  or  13.8V 
DC. 


4.  POWER-SWR  meter 

Up  to  either  20  W  or  200  W  is  indicated  by  the  built-in 
POWER-SWR  meter.  When  the  METER  switch  is  set  to 
SWR,  SWR  is  autoamtically  calculated  and  indicated  on 
the  scale. 

5.  Four  antenna  jacks 

Four  antennas  cover  a  broad  frequency  range.  Any  of 
these  antennas  can  be  selected  by  the  ANTENNA  switch 
on  the  front  panel. 

In  normal  operation  (with  the  RX  switch  OUT),  only  the 
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SPECIFICATIONS 


1. 

2. 


3. 


4. 

5. 

6. 

7. 

8. 

9. 


10. 


11. 


12. 


13. 

14. 


Fraquancy  range 

Input  impedance 

Output  impedance 

Insertion  loss 

Pass  through  power 

SWR  value  for  motor  stop 

Min.  power  for  activation 

Max.  tuning  time 

Power  meter  (peak  value  reading) 

Power  consumption  (current) 

Power  requirement 

Dimensions 

Weight 

Package  dimensions 
Semiconductors 


All  amateur  bands  from  1.8  —  29.7  MHz 

50  ohms  unbalanced 

20-150  ohms  unbalanced 

0.8  dB  or  less 

100W  (200WPEP) 

1 .2: 1  or  less 
3W 

Within  15  seconds 

*  10%  at  1'OOW  (Meter  Switch  200W  Position) 
±  1 0%  at  1 0OW  (Meter  Switch  20W  Position) 
15W  AC 

13.8V  DC  600  mA 

120V,  220V,  or  24CV  AC  selectable 

13.8V  (12-16)  DC 

W174  (174)  X  H96  (107)  x  D257  (289)  mm 
(  )  shows  projections  included. 

4.2  kg  (9.24  lb.) 

W385  X  H167  X  D264  mm 
Capacitance:  0.017  m’ 

ICs  13 

FETs  2 

Transistors  31 
Diodes  77 


ACCESSORIES 

Remote  cable  (A)  1 

Remote  cable  (B)  1 

AC  power  cable . 1 

Grounding  wire  . .  .  .  .  .  1 

Instruction  manual  . 1 


Specifications  may  be  subject  to  change  without  notice  for  technical  improvement. 


[General] 

Semiconductors. 


Frequency  range . 

Frequency  synthesizer . 

Mode.. . 

Anntenna  impedance... 

Power  requirement . 

Grounding . . 

Operating  temperature 
Current  drain . 


Dimension 


Weight . 

[Transmitter] 

RF  output  power  (at  1 3.8V  DC.  501?  load) 


Modulation . 

Frequency  tolerance  (-20*C  '•  +50"C) 
Spurious  radiation . 

Maximum  frequency  deviation  (FM) .. 
Audio  response . 

Audio  distortion . 

Microphone . 

[Receiver] 

Circuitry . 

Intermediate  frequency . 

Receiver  sensitivity . 

Receiver  selectivity . 

Spuriour  response . 

Souelch  sensitivity . 

Auto  scan  stop  level . 

Audio  output . 


MPU  1 


ICs  19 

Transistors  43 

FETs  5 

Diodes  61 


144.0  to  148  0 -MHz 

Digital  control,  phase  locked  VCO 

FM  (F3) 

50  ohms 
13.8V  DC -15% 

Negative 
-20'C  to+50'C 

0.5V  in  reverive  node  with  no  input  singal 
Max.  9.5A  in  HI  transmit  mode  (TR-7950) 

3.0A  in  LOW  transmit  mode  (TR-7950) 

Max.  6.5A  in  HI  tramsmit  mode  (TR-7930) 

2.5A  in  LOW  transmit  mode  (TR-7930) 

1 75  mm  (6  -  7/8)  wide 
64  mm  (2  -  1 /2)  high 
220  mm  (8  -  1 1  /36")  deep  (TR-7950) 

206  mm  (8  -  1  / 1 6")  deep  (TR-7930) 

(projections  excluded) 

1.9  kg  (4.181b)  (TR-7950) 

1.8  kg  (3.96  lb)  (TR-7930) 

HI  45  Watts  min.  (TR-7950) 

Note 

TX  duty  cycle:  One  min'te  TX 

Three  minutes  RX 
HI  25  Watts  min.  (TR-7930) 

LOW  5  Watts  approx,  (not  adjustable) 

Phase  sift 

Less  than  ±  1 5  x  1 0'* 

HI  Less  than  -70  dB 

LOW  Less  than  -60  dB 

±  5  kHz 

Within  +1  /-3  oB  of  6  dB/oct  pre-emphais 
characteristic  from  300  to  3000  Hz. 

3%  max. 

Dynamic  microphone  with  PTT  switch,  50012 

Double  superheterodyne 
1st  10695  MHz 
2nd  455  kHz 

Better  than  1 2  dB  for  0.25  iiV  SINAD 
Better  than  50  dB  tor  1  mV  S-i-N/N 
More  than  1 2  kHz  (-6  dB) 

Less  than  24  kHz  (-60  dB) 

Better  than  70  dB 

Less  than  0. 1 6  riV  (threshold) 

Less  than  0.2  iN  (threshold) 

More  than  2  0  watts  across  8  chms  load  (5%  dist.) 


Note:  Circuit  and  ratings  are  subject  to  change  without  notice  due  to  developments  in  technology 
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INSTRUCTION  MANUAL 


SPECIFICATIONS 


[GENERALI 

Fr«ou«n<ry  Ranga . 144 -  148  MHz 

Mar-Kxy  Charmab . 10  CH 

McxJt . FM  iF3l,  (F2  in  DCS  mode) 

Operating  vottsga . 8.4  V  DC  ±25% 

Power  Ratjoiramant . 8  4  V.  450  mAH  (Ni-Cd  battery 

pack) 

9  V  manganese  or  afcaline  loot  NFCdl 
6  pcs  battery  case  (option) 


Back-up  Povear  Raquiramant  ..CR  2032  Lithium  battery 

Cirrant  Drain . Approx  35mA  in  receive  mode  with 

no  input  signal 

Less  than  600mA  in  HI  transmit 
mode  (at  8  4  VI 

Less  than  400  mA  in  Low  transmit 
mode  (at  8  4  V) 

Less  than  1  )iA  for  memory  back-up 

GnxvxSng . Negative 

Operating  Temperature  . -  20°C  to  *  50’C 

Antenna  Impadartce . 50  0 

Dimensions . With  Ni-Cd  battery:  66(2  6)W 

X  168(6  7)H  x40(V6)D  mmlinch) 
With  manganese  battery  66(2. 6)W 
X  17617  OIH  X  40(1  610  mmlinchl 

Weight .  . With  Ni-Cd  banery  520  g  (1 .2  lbs.) 

With  manganese  battery;  510  g 

(12lbs,l 


ITRANSMITTEHl 

RF  Output  Power . HI  =  25W 

LOW  =  0.3  W  approx. 

Modulation . Variable  reactance  diregt  shift 

Freguancy  Tolaranca . Less  than  ±20  x  10  * 

(-10°C- ■r50‘>C) 

Maximum  Frequency 

Deviation . ±5  kHz 

Spurious  RarSation . Less  than  -  60  dS 

IRECEIVERI 

Circuitry . . Double  conversion  superheterodyne 

bitarmadtote  Fraquancy . 1st  IF  =  10.7  MHz 

2nd  IF  =  455  kHz 

Sensitivity . Better  than  I^V  for  S(N  30  dB 

Less  than  0.2mV  for  12  dB  SINAD 

Pass-Band  Width . More  than  1 2  kHz  I  -  6  dB) 

Salactivity . Less  than  24  kHz  (  -  40  dB) 

Spurious  Response . Better  than  50  dB 

Squelch  Sensitivity . Less  than  0  2/iV  (threshold) 

Audk)  Output  Power . More  than  400  mW  (at  10% 

distortion  and  6  0  load) 


NOTE;  Circuit  and  ratings  may  change  without  notice  due  to  ad 
vances  in  technology. 


DRAKE 
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Frequency  Coverage : 
Crystals  Supplied: 


Accessory  Crystals; 


SPECIFICATIONS 


3.5  to  4.0  MHz 
7.0  to  7.5  MHz 
14.0  to  14  5  MHz 
21.0  to  21.5  MHz 
28.5  to  29.0  MHz 

4  additional  500  kHz  ranges  (see  table  2-1), 
Between  1 .8  and  30  MHz 
Excluding;  2.3  to  3.0  MHz 
5.0  to  6.0  MHz 
10.5  to  12.0  MHz 


» 


Fixed  Freq.  Crystal; 


Dial  Calibration: 


Between  1 .8  and  30  MHz 
Excluding;  2.3  to  3.0  MHz 
5.0  to  6.0  MHz 
10.5  to  12.0  MHz 

Zero  to  500  kHz  in  1  kHz  increments. 


Calibration  Accuracy: 


Better  than  1  kHz  when  calibrated  to  the  nearest  100  kHz  point. 


/ 


Frequency  Stability: 

Modes  of  Operation: 

SSB; 

CW: 

AM: 

RTTY: 


Sideband  Suppression; 

Carrier  Suppression: 

Average  Distortion 
Products; 

Frequency  Response; 
Input  Power; 

Output  Impedance; 

Microphone  Input; 
AGC; 

Power  Requirements; 


Dimensions; 

Weight; 


DRAKE 


Drift  is  less  than  100  Hz  after  warmup  and  less  than  100  Hz  with 
lO^c  change  in  line  voltage. 


Upper  or  lower  sideband  on  all  bands.  VOX  or  push-to-talk. 

Grid-block  keying.  VOX  circuit  is  keyed  for  automatic  transmit 
receive  switching.  Sidetone  oscillator  is  keyed  for  monitoring.  Shifted 
carrier  system  has  no  spurious  output. 

Controlled  carrier  AM  modulation  is  built-in.  This  system  is  com¬ 
patible  with  SSB  linear  amplifiers.  VOX  or  push-to-talk. 

Two  methods  of  RTTY  are  available. 

1  The  VFO  is  easily  adaptable  to  FSK.  Signal  frequency  shifts  same 
direction  on  all  bands  and  same  amount  on  any  band  with  a  given 
dial  setting. 

2.  The  RTTY  signal  may  also  be  generated  by  applying  undistorted 
audio  tones  at  the  mike  input  in  the  SSB  mode.  A  jack  is  provided  at 
the  rear  panel  to  shift  the  carrier  oscillator  such  that  the  frequency 
response  of  the  transmitter  on  LSB  is  altered  so  as  to  pass  the  tone 
frequencies  without  generating  unwanted  harmonics  or  sidebands. 

60  dB  or  better. 

60  dB  or  better. 

In  excess  of  30  dB  down. 

SSB,  325  to  2725  Hz  at  6  dB  down. 

SSB  and  AM-200  Watts  PEP,  CW-200  Watts. 

Nominal  52  Ohms  adjustable  with  pi-network.  (SWR  should  be  2:1 
or  less.) 

High  impedance. 

Operates  on  SSB  to  prevent  flat-topping  due  to  overdrive. 


650  Volts  at  225  mA  average  and  400  mA  maximum  with  10% 
regulation  from  50  mA  to  330  mA  and  maximum  ripple  of  less 
than  1%. 

250  Volts  at  120  mA  with  10%  regulation  from  82  mA  to  120  mA. 
This  includes  the  effect  of  the  650  Volt  supply  change  if  both 
voltages  arc  obtained  from  the  same  transformer.  Maximum  ripple 
m.'st  be  less  than  1/4%. 

-45  to  -65  Volts  DC  adjustable  filtered  bias  into  33  K  Ohm  load. 
1 2.6  Volts  AC  or  IXT  at  3  amps. 

5-1/2"  high,  10-3/4"  wide,  cabinet  depth  11-5/8",  overall  length 
12-1/4". 

14  lbs.  10  oz. 


7-41 


SPECIFICATIONS 


Frequency  Coverage: 
Accessory  Coverage: 

Modes  of  Operation: 
Sensitivity: 

Selectivity: 


Stability: 

Calibration: 

Spurious  Responses: 

Image  Rejection: 

Input  Impedance: 

Audio  Output  Impedance: 
Audio  Output: 

ACC: 


Power  Consumption: 
Size: 

Weight: 


Covers  3.5  to  4.0  MHz,  7.0  to  7.5  MHz.  14.0  to  14.5  MHz.  21.0  to 

21 .5  MHz,  and  28.5  to  29.0  MHz. 

15  accessory  crystal  sockets  are  provided.  Coverage  of  uny  additional 
500  kHz  ranges  between  1.5  and  30  MHz  (except  between  5.0  and 
6.0  MHz)  can  be  added  by  installing  actiessory  crystals. 

SSB.  CW,  AM,  RTTY. 

SSB  Mode:  10  dB  signal-plus-noise  to  noise  ratio  obtained  on  80  M- 
10  M  amateur  bands  with  iess  than  a  0.25  microvolt  signal  on  the 
antenna  terminal,  on  other  frequencies  less  than  0.5  microvolt  signal. 

As  supplied: 

SSB  Mode:  2.4  kHz  at  6  dB.  4.2  kHz  at  60  dB. 

AM  Mode:  8.0  kHz  at  6  dB.  28  kHz  at  60  dB. 

With  accessory  crystal  filters: 

AM  Mode.  2  filters  available: 

6.0  kHz  at  6  dB.  1 0  kHz  at  60  dB. 

4.0  kHz  at  6  dB.  7.5  kHz  at  60  dB. 

CW  1 .5,  CW  .5.  CW  .25  Modes,  3  filters  available: 

1 .5  kHz  at  6  dB.  3.0  kHz  at  60  dB. 

500  Hz  at6dB.  1000  Hz  at  60  dB. 

250  Hz  at  6  dB.  600  Hz  at  60  dB. 

After  warm  up,  frequency  will  not  drift  more  than  ±  100  Hz.  includ¬ 
ing  voltage  variation  of  1  lO*^. 

Better  than  t  1  kHz  when  calibrated  at  nearest  100  kHz  calibration 
point. 

Internal  spurious  response  less  than  the  equivalent  of  a  1  microvolt 
antenna  signal  on  all  amateur  bands. 

(1 1 .29  MHz  above  desired):  Over  70  dB  below  23  MHz.  60  dB  above 
23  MHz. 

52  Ohms  nominal. 

3.2  Ohms  to  speaker,  or  headphones.  3000  Ohms  antj  vox. 

0.7  Watt  at  AVC  threshold,  2  Watts  maximum  at  less  thain  5%  T.H.D. 

Audio  Output  increases  3  dB  maximum  for  a  RF  input  increase  of 
100  dB  above  AGC  threshold.  AGC  threshold  typically  1  microvolt. 

Attack  time:  I  millisecond 

Release  times:  Slow:  1  second 

Medium:  350  mSec 
Fast:  50  mSec 

60  Watts,  1 20/240  Volts  AC.  50/60  Hz. 

5.5  inches  high,  10.75  inches  wide,  12.25  inches  deep  overall. 

17  pounds. 
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OPERATION  and  MAINTENANCE 
MODEL  250  SERIES 
Single  Sideband  Transceiver 


The  Swan  Model  250  Single  Sideband  Transceiver 
together  with  its  accessories  and  optional  equipment 
is  designed  to  be  used  for  SSB  AM  or  CW  com¬ 
munications  in  the  50-54  me.  amateur  radio  bands. 
MARS  frequencies  may  also  be  covered  by  using  the 
Model  405X  oscillator  accessory. 

The  Model  250  generates  a  single  sideband  signal 
by  means  of  a  crystal  lattice  filter,  and  the  transceive 
operation  a  utomaticaliy  tunes  the  transmitter  to  the 
received  frequency.  When  operating  in  single  sid^ 
band  mode,  the  normally  used  upper  sideband  ( USB) 
is  employed. 

Basic  circuitry  of  the  single  conversion  design  has 
been  proven  in  se\’eral  thousand  of  the  popular 
Swan  transceivers.  Mechanical,  dectrical,  and 


thermal  stability  is  exceptionally  high.  All  oscillators 
are  temperature  compensated  and  voltage  regulated. 
Push-to-talk  operation  is  standard,  with  provision 
for  plugging  in  the  Model  VX-1  accessory  Vox  unit 
for  automatic  voice  control. 

With  a  suitable  power  supply,  operation  may  be 
fixed,  portable,  or  mobile.  Power  incut  is  rated  at 
240  watts,  PEP,  on  single  sideband.  ISO  watts  on 
CW,  and  75  watts  on  AM.  The  basic  transceiver 
includes  automatic  gain  control  (AGC),  and  grid 
biodc  CW  keying. 

Recommended  power  supplies  are  the  model  1 17-XC 
for  ac  operation  and  model  14-117  for  12-vott  dc 
operation. 


ELECTRONICS 
Off *"%•<**  C4l»«»Ofn«» 
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SPECIFICATIONS: 


FREQUENCY  RANGE 

50-54  me.  (except  for  a  narrow  segment  at  53.5 
mc) 

POWER  INPUT 

Single  Sidebani,  Suppressed  Carrier; 

340  watts,  PEP,  minimum. 

C\V: 

180  watts,  dc  input. 

AM  (Single  Sideband  with  Carrier); 

75  watts  dc  input. 

DISTORTION 

Distortion  products  down  approx.  30  db. 

UNWANTED  SIDEBAND  SUPPRESSION 

Unwanted  sideband  down  more  than  40  db. 

CARRIER  SUPPRESSION 

Carrier  suppression  greater  than  50  db. 

^"lECEIVER  SENSITIVITY 

Less  than  0-5  microvolt  at  50  ohms  impedance 
for  signal-plus- noise  to  noise  ratio  of  10  db. 
Noise  figure  better  than  3  db. 

AUDIO  OUTPUT  AND  RESPONSE 

Audio  output  4  watts  to  3.2  ohm  load.  Re¬ 
sponse  essentially  flat  from  300  to  3000  cps  in 
both  receive  and  transmit. 

TRANSMITTER  OUTPUT 


REAR  PANEL  CONTROLS  AND  CONNECTORS 

Bias  potentiometer,  CW  key  jack,  Jones  plug 
power  connector.  Vox  connector.  Antenna  jack. 
Auxiliary  relay  switching. 

VACUUM  TUBE  COMPLEMENT 

VI  6EW6  VFO  Amplifier 

V2  12  BE6  Transmitter  Mixer 

V3  6GK6  Driver 

V4  6146B  Power  Amplifier 

V5  6146B  Power  Amplifier 

V6  6  HAS  Receiver  RF  Amplifier 

V^7  6  HAS  Receiver  Mixer 

V8  6EW6  First  IF  Amplifier 

V9  12BA6  S«ond  IF  Amplifier 

VIO  12AX7  Product  Detector/ Receive  Audio 

VI I  6BN8  AGC  Amplifier/ Rectifier 
V12  6GK6  Audio  Amplifier 

V13  7360  Balanced  Modulator 
V14  12BA6  Carrier  Oscillator 
V15  12AX7  Mic.  Amplifier/ Transmit  Audio 
V16  OA2  Voltage  Regulator 

DIODE  AND  TRANSISTOR  COMPLEMENT 

Q1  2N706  OscUlator 
Q2  2N706  Emitter  Follower 
Q3  2  N706  Buffer  Amp. 

D10(»l  Noise  Limiter  Diode 
D1002  Noise  Limiter  Diode 
D1601  1N2974A  Zener  voltage  regulator 

D1602  TS-2  Relay  Silencing  Diode 


Wide-range  Pi-network  output  matches  antennas 
essentially  resistive  from  15  to  500  ohms 
impedance. 

METERING 

Power  amplifier  cathode  current  0-400  ma.  and 
0-10  relative  output  indicator. 

FRONT  PANEL  CONTROLS 

Rec  T\me-CW,  AF  Gain,  RF.  Gain,  Mic.  Gain, 
Carrier  Balance,  PA  Plate  Tune,  PA  Grid  Tune, 
PA  Load.  KC  Tjning  Dial,  MC  Tuning  Dial, 
Meter  Switch. 


POWER  REQUIREMENTS 

Filaments  12.6  volts,  4.5  amps,  ac  or  dc 

Relay  12  volts  dc,  250  ma. 

Bias  -1 10  volts  dc,  100  ma. 

Medium  voltage  275  volts  dc,  150  ma. 

High  voltage  800  volts  dc,  300  ma.  Peak 
Trans. 

DIMENSIONS  AND  WEIGHT 

Height  5-1/2  in.  Depth  11  in. 

Width  13  in.  Weight  17-1/4  lb. 


ASSEMBLY  INSTRUCTIONS 

FOR 

MOSLEY  Three  Element 
Trap  Master  Antenna 
Model  TA-33  Jr. 


FREQUENCY  CHART 


ELEMENT 

COLOR 

BAND  II  CODE  1*  11**  1 

RADIATOR 

RED 

10  Meters 

28.5  29.00 

REFLECTOR 

YELLOW 

15  Meters 

21.150  21.350 

DIRECTOR 

GREEN 

20  Meters 

14.150  14.250 

for  CW  for  Fhome 


NOTE:  To  oritr  rtplactmtM  portt  from  iottnetion  thoot,  rtftr  to  Form  No.  mod  Fort  No. 


MOSLEY  ELECTRONICS,  INCORPORATED 
4610  Lindb«f9li  Boulevard 
Bridgoton,  Missouri  63042 
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ASSEMBLY  AND  INSTALLATION 

INSTRUCTIONS 


AV-3  AV-4  AV-5 
ANTENNAS 


AV3482 


SPECIFICATIONS 

AV<3 

AV-4 

AV-5 

Overall  Height  -  CW 

•  Phone 

13  ft.  r/i"  (3.98m) 

1 2  ft.  B'/i-  (3.94m) 

18  ft.  (5.58m) 

17  ft.  1’/4  -  (5.33m) 

27  ft  (8.3!7m) 

24  ft.  IK”  (7.44m) 

Wind  Surface  Area  •  CW 

1 .02  sq.  ft.  (.10  sqm) 

.46  sq.  ft,  (.14  sqm) 

1 .89  sq.  ft.(.1 859  sqm) 

Assembled  Weight 

5.21  lbs  (2.33kg) 

7.15  lbs  (3.22kg) 

8.41  lbs  (3.78kg) 

Maximum  Mast  Diameter 

1H"  (4.5cm) 

1H'"  (4.5cm) 

IK"  (4.5cm) 

Frequency  Coverage  (MHz) 

28.0  -  29.2 

21.0  -  21.5 

14.0  -  14.4 

28.0  -  29.2 
210-21.5 

14  0  -  14.4 

7.0-  7.3 

28.0  -  29.2 

21.0  -  21.5 

14,0  -  14.4 

7.0  -  7.3 

3.5  -  4.0 

Nominal  Input  Impedence 

50  ohms  (Takes  PL-259  Connector) 

Standing  ■  Wave  Ratio 

1  5:T  or  less  at  Resonance 

Power  Handling  Capability 

2000  Watts  P.E.P. 

Element  Material 

6063  •  T832  Hard-Drawn,  Bright  Finish  Aluminum  Tubing 

Trap  Material 

Vi  "  (3.1cm)  Wall  Fiberglass  Tubing,  with  Copper  or  Aluminum  Wire 

-  LIMITED  WARRANTY 

.UShCPAFT  CORPORATION  PO  80X4680  MANCHESTER  NEW  HAMPSHIRE  03t08  WARRANTS  TO  THE  ORIGINAL  CONSUMER  PURCHASER  FOR 
ONE  VEAR  FROM  DATE  OF  PURCHASE  THAT  EACH  CUSHCRAFT  ANTENNA  IS  FREE  OF  DEFECTS  IN  MATERIAL  OR  WORKMANSHIP  IF,  IN  THE 
JUDGEMENT  OF  CUSHCRAFT.  ANY  SUCH  ANTENNA  IS  DEFECTIVE.  THEN  CUSHCRAFT  CORPORATION  WILL.  AT  ITS  OPTION,, REPAIR  OR  REPLACE  THE 
AN'ENNa  at  ITS  EXPENSE  WITHIN  Thirty  DAYS  OF  THE  DATE  THE  ANTENNA  IS  RETURNED  (AT  PURCHASER  S  EXPENSE)  TO  CUSHCRAFT  OR  ONE  OF 
ITS  A  .ThORiZED  representatives  this  WARRANTY  IS  IN  LIEU  OF  ALL  OTHER  EXPRESSED  WARRANTIES.  ANY  IMPLIED  WARRANTY  IS  LIMITED  IN 
DURATION  TO  ONE  YEAR  CUSHCRAFT  CORPORATION  SHALL  NOT  BE  LIABLE  FOR  ANY  INCIDENTAL  OR  CONSEQUENTIAL  DAMAGES  WHICH  MAY 
result  from  a  defect  some  states  DO  NOT  ALLOW  LIMITATIONS  ON  HOW  lONG  AN  IMPLIED  WARRANTY  LASTS  OR  EXCLUSIONS  OR 
limitations  OF  incidental  OR  consequential  damages,  so  the  above  limitation  and  exclusion  may  not  apply  to  you  this 

VYARRANTV  GIVES  YOU  SPECIFIC  LEGAL  RIGHTS  AND  YOU  MAY  ALSO  HAVE  OTHER  RIGHTS  WHICH  VARY  FROM  STATE  TO  STATE  THIS  WARRANTY 
does  not  EXTEND  TO  any  PRODUCTS  which  have  been  SUBJECTTO  misuse  neglect  ACCIDENT  OB  IMPROPER  INSTALLATION.  ANY  REPAIRS 
OP  alterations  OUTSIDE  OF  The  CUSHCRAFT  factory  will  NULIFY  THIS  warranty 
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COMPONENT  IDENTIFICATION 


SPECIFICATIONS 


Dimensions 


Length  x  Width  x  Height 

'  350  X  300  X  360  mm 

j  <13.8  X  11.8  X  14.2  in) 

Dry  Weight 

19.0  kg  (41.9  lb) 

Engine 


Model 

1  HONDA  G100K1 

Engine  Type 

i  4  stroke,  side  valve  1  cylinder 

Displacement 

1  83  cm^  (S.lcu.ift) 

[Bore  X  Stroke  I 

48  X  46  mm  (1.9  x  1.8  in) 

Compression  Ratio 

6.5  :  1 

Engine  Speed 

3600  rpm 

Cooling  System 

Forced  air  cooled 

Ignition  System  j 

I  Transistor  Magneto  Ignition 

Oil  Capacity  ^ 

0.45f  (0.48  USqt) 

Fuel  Tank  Capacity  j 

1.3f  (0.34  USgal) 

Spark  Plug  j 

BMR-4A  (NGK),  W14  MR-U  (ND) 

Generate*  ,  .-.'‘/I 


j 

1 - 

Rated  voltage 

Rated  frequency 

120V 

60Hz 

AC  output 

Rated  ampere 

4.6A 

Rated  output 

550  VA 

Maximum  output 

650  VA 

DC  output 

Only  for  charging  12V 
automotive  batteries 
Maximum  charging  output  =  8. 3A 

Section  8 


TEST  PHOTOGRAPHS 
EOUiPMENT  TESTS 


MARX  GENERATOR 
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HIGH  VOLTAGE  DC  POWER  SUPPLY,  OSCILLOSCOPE  AND 
SCREEN  ENCLOSURE,  AND  MARX  GENERATOR 


TEST  PHOTOGRAPHS 
EQUIPMENT  TESTS 


H  FIELD  SENSORS  WITH  METAL  COAXIAL  PROBE  ON  ROUND 
SENSOR  AND  FIBER  OPTIC  TRANSMITTER  AND  CABLE  ON 
RECTANGULAR  SENSOR. 


TEST  PHOTOGRAPHS 
EQUIPMENT  TESTS 


TYPICAL  SERES  82  TEST  CONFIGURATION 


TESTS  C3  AND  C4  EQUIPMENT  CONFIGURATION.  POWER 
GENERATOR  (IN  BACKGROUND)  AND  ISOLATION  TRANSFORMER 
(NOT  SHOWN)  WERE  CONNECTED 


TYPICAL  DC  POWER  CONFIGURATION.  A  12  VOLT 

automobile  battery  in  the  metal  box. 

RF  PROTECTION  DEVICE  IS  INSTALLED  IN  COAXIAL  LINE. 


